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SYLLABUS

This survey report presents the findings and conclusions of studies conducted
in the interest of beach erosion control and related purposes for the Bayfront
Beach of Hilo, Hawaii. The primary purpose of this study was to determine the
nature and extent of problems being experienced and the need for corrective or
protective action. Also under consideration were the desires of local
interests, the range of measures available for reducing or ameliorating these
problems, the feasibility of these measures, and the Federal interest in both

+

the problems being experienced and possible solutions to these problems.

The bayfront shoreline and beach at Hilo Bay are subject to erosion and
inundation during storm wave attack. Storm waves have eroded the natural
beach; overtopped an existing revetment; and deposited rocks and debris onto
the Bayfront Highway. The bayfront black sand beach has eroded nearly 50 feet
in width to its current size of 0.84 acres.

A practical plan would include a combination of rock revetment, longard tubes,
and protective beach with stabilizing structures to protect the shoreline and
restore part of the beach. The first cost of such a plan (including future
sand nourishment) would be $9,072,000 with a benefit-cost ratio of 1.7. There
would be no significant adverse environmental or social effects. The plan
would protect the shoreline from future erosion and prevent damages to the
highway and delays in traffic. Beach restoration would create recreational
benefits due to the increase in visits by tourists and residents.

The above-mentioned plan of improvement, however, lacks Federal interest
because projects designed primarily to provide recreational opportunities

are not in agreement with the Administration's policies. Local interests may
consider implementing the project because it is technically and economically
feasible and there are no significant adverse environmental impacts. This
report is being published and distributed for information purposes and not as
an action or decisionmaking document.
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AUTHORITY

This study was conducted in response to Resolutions 144 (1973) and 480 (1975)
by the Hawaii County Council. 1In 1976, the Hilo Area Comprehensive Study was
authorized by the U.S. Congress and initiated by the Honolulu Engineer
District. The authority for this report is Section 144 of the Water Resources
Development Act of 1976 (Public Law 94-587) which states:

The Secretary of the Army, acting through the Chief of
Engineers, in cooperation with the State of Hawaii and
appropriate units of local government, shall make a study of
methods to develop, utilize, and conserve water and land
resources in the Hilo Bay Area; Hawaii, and Kailua-Kona,
Hawaii. Such study shall include, but not be limited to,
consideration of the need for flood protection, appropriate

- use of flood plain lands, navigation facilities, hydroelec-
tric power generation, regional water supply and wastewater
management facilities systems, recreational facitities,
enhancement and conservation of water quality, enhancement
and conservation of fish and wildlife, other measures for
environmental enhancement, and economic and human resources
development. Based upon the findings of such study, the
Secretary of the Army, acting through the Chief of
Engineers, shall prepare a plan for the implementation of
such findings which shall be compatible with other
comprehensive development plans prepared by local planning
agencies and other interested Federal agencies.

PURPOSE AND SCOPE

This report describes study findings to improve the shore protection and

restore the beach along the Bayfront at Hilo, Hawaii (Figure 1). This survey

report addresses shore protection, recreation and environmental enhancement

;iszes of the authority and was prepared as part of the Hilo Area Comprehensive
udy. ‘

The investigations described in this report cover Hilo Bay and the Bayfront
Beach (Figure 2). Investigations were made of the immediate and future needs
for shore protection; measures or combinations thereof capable of satisfying
such needs: and the accompanying economic, environmental, and social considera-
tions. These studies provide the depth and detail required to determine plan
feasibility. This report contains an environmental impact statement in
addition to supporting documents for engineering, design, costs, geology, and

economics.

The recommendation of this report is that there is no Federal interest in the
implementation of plans to resolve problems at this location and that no

‘Ffurther action should be taken by the U.S. Army Corps of Engineers. The

project lacks Federal interest because the benefits would be primarily for
recreation and water projects which provide primarily recreational

. opportunities that are not in agreement with the Administration's policy to

rely on the private sector to provide public services whenever possible.
Local interests may consider implementing the project because it is
technically and economically feasible and there are no significant adverse
environmental impacts.

Average annual benefits of the selected plan are greater than the average
annual cost. Accordingly, the project would produce net economic benefits to
the nation, We have published the report so that the public may benefit from
the extensive planning, engineering, environmental, and economic evaluations
which have been completed. :
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PRIOR STUDIES, REPORTS, AND EXISTING WATER PROJECTS

Hilo Harbor is an authorized project for deep-draft navigation which includes —~
a rubblemound breakwater 10,080 feet long; an entrance channel 35 feet deep;

and a turning basin 1,400 feet wide, 2,300 feet long, and 35 feet deep. The

project was authorized under the River and Harbor Acts of 2 March 1907,

- 25 July 1912, and 3 March 1925 and was completed in July 1930, Sixty percent

of the breakwater was seriously damaged during the 1946 tsunami and repairs
were completed in 1948. Later breakwater repairs were completed in 1968, 1975
and 1981, A report recommending that Hilo Harbor be deepened to 39 feet in
the entrance channel and 38 feet in the turning basin was approved by BERH in
April 1983. -

A tsunami protection project was authorized by the 1960 River and Harbor Act
and a post-authorization study was completed in 1967. The study found that
protective works at a cost of $60 million would be feasible. However, the
local government rejected the plan and its $10 million Jocal cost-sharing
requirement, Therefore, the project was deauthorized in 1977.

A study to determine the feasibility of modifying Hilo Harbor to prevent surge
was authorized by House Resolution 739 in 1967. The results were not fully

~ conclusive but suggested that surge was correlated with short-period waves

generated by North Pacific storms.

A reconnaissance report for major rehabilitation of the breakwater portion of

‘the Hilo Harbor project was submitted to OCE in May of 1984, The report

recommends constructing an inner breakwater 2,000 feet long to replace the
outer 7,500 feet of the existing breakwater.

PLAN FORMULATION

Existing Conditions -

Hilo is the urban, commercial and government cenfer for Hawaii County, and is
laocated on the Island of Hawaii which has more than 4,000 square miles and
some 92,000 peopie. Forty-six percent of the population resides in Hilo. It

- contains one ‘of the County's two major airports and the primary deep-draft

harbor, the third Tlargest in the State, after Honolulu and Barbers Point
Harbors.

The basic elements of the economy of Hawaii County are tourism, agriculture,
fishing, manufacturing and scientific research, with tourism being the number
one industry. Hilo serves as @ gateway to and from Hawaii due to its airport
facilities (for more detail, refer to SUPPORTING DOCUMENTATION: Economics).

The Bayfront Study area (Figure 2a) -is within Hilo Bay and consists of a
shoreline 6,300 feet long bounded on the west by the Wailuku;River and on the
east by the Wailoa River. Cocoanut Point lies between the Wailuku River and
Station 0+00 and is composed of basalt rock. There are narrow strips of sand,
exposed at low water from Station 0+00 to Station 20400, but the land-sea
interface is mostly rubble and rock placed as a revetment to protect the
shoreline. There is a narrow sand beach from Station 20+00 to Station 58400,
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which is backed up by a continuation of the rubble and rock revetment which
terminates at Station 35400, The beach backshore becomes extensive between
Stations 35+00 and 58+00, The dry sand beach gradually widens from Station
20+00 to 58+00 and is about 0.8 acres.

In profile, the beach slopes horizontally to the sea at 1] feet for each
vertical foot. The seabed has less slope which varies between 45 to 60 feet
horizontally for each vertical foot. The seabed is hard substrate with solid
basalt exposed in some spots,

The area between the Wailuky and the Wailoa Rivers, and from the Bay inland
for approximately 1,000 feet, comprise two County of Hawaii parks: the
Bayfront Beach Park and Mooheau Park. The two parks are bisected by the
Bayfront highway. Both parks have public access for pedestrians and vehicles;
parking areas; restrooms; and general recreation facilities, The Bayfront
Beach Park has showers.

History of Erosion and Shore Protection

In the mid-1800's the Bayfront was composed of a single beach for its entire
length (except Cocoanut Point) between the two rivers. According to cores
drilled in 1950, the depth of sand at some Tocations atong the sﬁore exceeds
40 feet. This depth of sand permitted natural reconfiguration of the beach in
conformance to wave forces or current changes. Such a condition no longer
prevails today due to extensive human-induced changes to the shoreline. These
changes have altered the natyral beach system to such an extent that it has
Tost up to 50 feet in width. It cannot restabilize itself under present
circumstances.

Early settlers at Hilo constructed a landfill (1861}, a pier (1865) and a
sewage outfall (1906) at Cocoanut Point adjacent to the mouth of the Wailuku
River. These structures functioned as a partial barrier to the natural process
of sand movement down and out the mouth of the Wailuku River on to the east,
The Wailuku River is the major sand source for the beach. By 1880, the urban
settlement of Hilo pushed very close into the backshore of the Bayfront Beach.
This settlement interfered with the natural fluctuation of the beach's ﬁrofjle.

e pier
at Cocoanut Point were badly damaged by storm waves. Consequently, local
interests moved the pier to the Waiakea peninsula east of the Wailoa River in
the hopes of reducing damage caused by storm wave and having caimer water for
cargo unloading. ‘

During the late 1800's while Hawaii's sugar industry was developing, rail
lines were constructed to carry raw sugar and supplies to and from Hilo's pier
and the sugar mills which were Tocated both south and north of town. In 1901,
the Hilo Railroad Company was requested by a number of leading citizens of
Hilo town to extend a ney rail line from Waijakea along the Bayfront Beach to
Hilo, a distance of 1.5 miles. The tracks were laid along the shoreline berm
between the urban settlement and the water, The railroad’s right-of-way
extended into the sea at the western-most end and evidently the beach in thig
area was covered over the construction process. This Tine was completed in
1903, At first there was no revetment on the seaward side. In 1906, the
80-foot-long sewer outfall at Cocoanut Point was completed which worsened
beach erosion on the east side of the Point. The railroad company began
dumping stone to form a crude revetment at some locations along the .1ine where
the beach was receding,
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PHOTO CREDIT NO. 1.

PHOTO CREDIT NO. 2.

| Copy of photograph in Hawaii State Archives
by B. Nakamura.

Bishop Museum Photo Collection (CN47148).



In 1907, the US Congress authorized the construction of a 7,000-foot breakwater
at-Hilo Bay. The construction of the breakwater, under the management of the
US Army Corps of Engineers, was justified on the basis of estimated savings in
transportation costs. It was finally completed in 1929, An extension of the
breakwater to its present length of 10,080 feet was later authorized in 1960.
A breakwater structure, such as the one in Hilo, can change and impede the
natural littoral processes within the original harbor. The Hilo breakwater
may have altered the westward component of littoral drift that may have
Sxisted. Currently, the longshore movement of sand occurs in an easterly
irection.

Between 1915 and 1922, two sanitation and reclamation projects were in progress
which conceivably had a tremendous impact on the Bayfront Beach. The firs
project, called the Wajolama Sanitation Project, required the filling of

approximately 33.4 acres of predominantly low-lying swampland in the area
between what™ is now Kilauea and Kamehameha Avenues. Over 215,000 cubic yards

(CY) of fi11 material were needed. Of this, 207,000 CY of black sand were
obtained from the nearby Bayfront Beach. The remaining 8,000 CY or so of fil
material were obtained from the dredging spoils of the Waiolama Canal which
was also a part of the project. The second project, called the Ponahawi
Reclamation Project, required another 32,000 cubic yards of fill material, al}
of which was obtained from the Bayfront Beach. In all, about 247,000 CY of
fill material were required for the two projects. Approximately 239,000 CY of
this total came from the Bayfront Beach.

Apparently, sand mining along the ocean side was also occurring at about this
period. This was accomplished by the railroad company by using a rail-mounted
crane with a clamshell to Toad gondola cars. The sand was used for bedding
and a variety of construction purposes in Fast Hawaii. Detailed records are

- not available for the volume of sand removed but letters refer to the sand

mining going on near the Wailoa River where the beach was widest,

On 16 December 1921, high waves undermined the railway and deposited sand at
various areas. A1l of Mooheau Park was inundated except for the inlandmost

100 feet. Opposition was rajsed by the Hilo Railroad Company over the dredging
of sand from the beach for the Ponahawai Reclamation Project. They claimed
that the dredging of sand from the earlier Waiolama project had compounded the
heavy surf and had contributed to the undermining of the tracks through the
removal of beach frontage. It was at about this time that the railroad company
began dumping stone to form a crude revetment at the western portion of the
bayfront shoreline. After some delay, the railroad relented their objections
to further dredging of beach sand. Then on 3 February 1923, a tsunami seismic
sea wave) again damaged the railroad tracks along Hilo's bayfront shore ine.
The net result of the dredging of sand and the high waves and tsunamis of 192]
and 1923, respectivel » led to the erosion in the approximate area between

STA 07400 and STA 20+00. Two US Army Corps of Engineers maps from 1918

(Figure 3) and 1933 (Figure 4) indicate how the sea encroached up to the rail
lines in this area. When a major tsunami hit the Hilo bayfront area on 1}

April 1946, structures along the waterfront were totally destroyed, 1ives were
Tost, and damage to the rail lines were so extensive that the railroad company

was forced into receivership.
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FIGURE 3 - MAP CREDIT.

Hilo Harbor - Hawaii, T.H., U.S. Engineer
0ffice, Honolulu T.H., 24 January 1918,
File No. 441.27. Originally compiled from
various maps of latest data.
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FIGURE 4 - MAP CREDIT.

Hilo Harbor - Hawaii, T.H., November 1933.
File No. H-300/2. U.S. Engineer QOffice,
Honolulu, T.H.
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PHOTO NO. 3. SAND DREDGE AND FILLING IN OF WAIDLAMA MARSH AREA Dredged'

sand being piped into marsh area near Waiolama Canal.

PHOTO NO. 4. HILO SENER SYSTEM EXTENSION AT MOKUPANE POINT (December 19
Six-inch pump at work.
15



PHOTO CREDIT NO. 3.

PHOTO CREDIT NO. 4.

Hawaii Department of Public Works, Report
for the Year Ending June 30, 1916 by
B. Nakamura.

Public Works photo, Hawaii State Archives.
Copied by B. Nakamura.
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In 1957, the existing highway was constructed along the bayfront over much of
the former Hilo Railroad Company rights-of-way. This included additional
revetment work.

O0f all the man-induced changes, the two aforementioned dredge and fill projects
contributed most to the destruction of the bayfront beach. 239,000 CY of sand
is roughly equivalent to a volume consisting of the entire 6,100 feet length

of the historic beach shoreline, 100 feet wide, and 10.5 feet deep. A study
performed by the US Geological Surve* in 1984 estimated the amount of sand-
sized sediment discharged by the Wailuku River to be approximately 4,500 CY
annually. On this basis, it would have taken roughly 50 years to replenish

the sand removed by the two projects given the present eastward Tittoral drift.
Today, sections of beach can be seen in the area, although the tendency is for
the sand to collect on the eastern reach beyond the existing rock revetment. A
comparison of maps from 1891 (Figure 5) and 1977 (Figure 6) indicates a sizable
area in this region has been reclaimed by the accumulation of sand. The change
in shoreline between STA 00400 and STA 07+00 indicates an accretion of sand,

Since the highway now skirts the bay in this area, it seems clear that this is
an area filled in by the railroad in 1902 and again in 1957 by the highway.

The next 1,300 feet of shoreline between Station 07+00 and Station 20+00 shows
evidence of erosion. It is likely that the dredging of sand was undertaken in
this section of shoreline. Highway construction maps suggest the present rock
revetment was generally lain atop the location of railroad revetment washed
out by the 1946 tsunami. The revetment once hugged the railroad tracks in
this vicinity due to the loss of beach frontage.

Perhaps the most distinguishing feature seen from the comparison of the two
maps is the amount of accretion evident in the remaining eastern portion of
the bayfront shoreline. In some areas, the shoreline extends as much as 100
to 150 feet further out to sea than that recorded in 1891. One possible cause
for the accretion in this area is the existence of the revetment to the west,
The revetment may be preventing the reaccumulation of sand, to any degree, in
front of the structure. Instead, sediment emanating from the Wailuku River
bypasses the area of revetment and collects at the eastern end of the shore-
line. US Army Corps of Engineers maps of Hilo Bay from 1918 to 1977 (Figures
3 and 6) indicate that the accretion of sand in this area has been a gradual,
continuous process starting at around the 1920's (about the time the revetment
was first constructed). This all but rules out single event occurrences, such
as tsunamis, as being the sole cause of the accretion. The amount of the
accretion evident in this region and the shoaling of the Wailca River mouth,
just downdrift and to the east, thus supports the claim that the revetment
along the bayfront may be accountable for the relative abundance of sand and
beach area at the east end of the bayfront and not the west.

17



The Natural Sand Source

The Wailuku River drains an area of 250 square miles and is the main source of
sediment to Hilo Bay. Most sediment is in the form of suspended load. Of the

total suspended load, between 25 to 48 percent is sand sized (0.062 to 2.0 mm).

Susqended sediment and streamflow are measured at the Hilo gage (Station
16713000) by the U.S. Geological Survey (USGS}. The annual average daily flow
of the Wailuku River is 450 cubic feet per second. During a storm in November
1979, the peak flow exceeded 70,000 CFS and destroyed the Hilo gaging station,
Sediment volume varies with rainfall jntensity and streamflow. Intense storms
with high flows produce the most sand.

During a 31-month period, from 1977 to 1979, the Wailuku River discharged

168,000 tons (annual average of 23,000 tons) of suspended sediment into Hilo

Bay. Just one storm {February 1979) during that period produced 14,000 tons
of suspended sediment which was 24 percent of the total (60 percent of the

annual average) discharge during the 31 months.

The sand is black or dark grey because of its basalt origin. The sand weighs
about 125 pounds per cubic foot. Average annual yield is estimated to range
between 5,500 tons (22,000 tons x 0.25) and 10,600 tons (22,000 tons x_0.48).
By volume, the range is between 3,300 and 6,300 cubic yards. These values may
understate .the volume of sand delivered because less frequent storms may
produce disproportionately higher sediment yields.

Figure 7 shows. the instantaneous suspended sediment discharge in tons per day.
Rare runoff events such as the November 1979 peak of 70,000 CFS brought
unusually large quantities of sand to the sea. In the following few months,
much of this sand had moved east along the Bayfront where the Wailoa River

_mouth, as the eastern terminus of this littoral system, was almost blocked.

This was caused by a large sand spit which built up along the easternmost edge
0: the Bay{;ont Beach and spilied around to the left bank of the Wailoa River
at its mouth.

None of this sand build up can be attributed to the Wailoa River because it_is
not a sediment producer. Its drainage area is about one hundred times smaller
than the Wailuku. It is a dry stream with a poorly defined streambed. During
storms, it flows into Waiakea Pond {which is fed by springs) before reaching
Hilo Bay. In the pond, its velocity slows to the point where sand and silt
settle out long before reaching the river mouth. There is virtually no
sediment movement from the Wailoa River to Hilo Bay.
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FIGURE 5 - MAP CREDIT. Map and Survey by E.D. Baldwin of Hilo Town
and Vicinity - 1891. Traced from Govt Survey
Reg Map No. 1561. Hawaii Territory Survey.
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FIGURE 6 - MAP CREDIT.

Hilo Harbor, Site Plan - US Army Engineer District,
Honolulu, 1977,
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EFFECT OF TSUNAMI APRIL 1, 1946
ON RAILROAD BRIDGE AND TRACKS

kel

F A LR e e =
PHOTO NO. 5. Portion of railroad bridge across Wailuku River
washed away by tsunami action.
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PHOTO NO. 6. Railroad tracks at Hilo Bay beach left s
after sand washed out from underneath them,

uspended
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PHOTO CREDIT NO. 5. Bishop Museum Photo Collection (CN76715)

PHOTO CREDIT'NO. 6. By Kogasaki, April 1946. Lyman House Memorial.
Museum Photo (TB1-1).
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Future Conditions (Without Project)

Erosion of the Bayfront shoreline would continue. The Bayfront Highway would
be periodically closed due to overtopping storm waves, damage, and debris.
Local residents would be denied full use of the historic beach. Hilo will
continue to lose revenues because of the low visitor count in part due to the
poor beach in Hilo Bay.

Problems and Opportunities

The two main problems along the Hilo Bayfront are storm wave damages to the
highway and loss of the natural sand beach.

Shoreline erosion has been a continuing problem along the Bayfront. The net
transport of sand is west to east and occurs during storm wave attack. These
storms are relatively brief and infrequent, however, they have the potential
to move a very large amount of sand in a short time. The small sandy beach on
tbg eagterg end of this reach represents a small portion of what once was a
wider beach.

The State Department of Transportation is concerned about the impact of storm
waves on the Bayfront Highway. Storm waves have overtopped the existing revet-
ment, thrown rock and debris onto the highway, and forced the closure of the

highway due to danger to motorists. Highway storm damage reports show that
the Bayfront Highway was closed 13 times between 1970 and 1980, with an average

closure time of 1.5 days (varied from a low of 6 hours to a high of 4 days).

The shoaling of the Wailoa River mouth is a problem for the commercial and
recreational boats going to and from the two small boat harbors located in the
Wailoa River. Erosion from the west end of the reach settles at the mouth of
the Wailoa River, '

The opportunity exists to restore the Bayfront beach, protect the Bayfront
Highway from wave attack, prevent shoaling of the Wailoa River mouth, and
enhance the human environment where the City of Hilo was to the shore of Hilo

Bay.

Objectives

The following objectives were established for this study:
a. Protect the Bayfront Highway from overtopping.
b. Prevent shoaling of the Wailoa River mouth.

c. Enhance the human environment by providing recreational opportunities
along the Bayfront which add to the economic benefit of the nation and of the

island of Hawaii.
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PHOTO NO. 7. HAWAIIAN DQUBLE-HULLED CANOE. Under sail at Hilo Bay.

PHOTO NO. 8. Hilo Bay Beach.
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PHOTO CREDIT NO. 7.

PHOTO CREDIT NO. 8.

Lyman House Memorial Museum. Photo 5t615-6.

Bishop Museum Photo Collection (CP76731).
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ALTERNATIVES

Available Measures

A broad range of diverse measures are available for application to solve the

problems along the Bayfront shoreline. These are summarized below and are
discussed in detail in the Supporting Documentation (Engineering, Design, and

Cost).

Non=-structural Measures

There are no true non-structural measures which fulfill the planning
objectives. For example, "doing nothing" would not contribute to solving the
present problems and is unresponsive to the needs of the study area.

Suggestions have been made that the Bayfront Highway be relocated inland. This
would be a costly structura) measure which would require a much longer highway
alignment through developed urban areas. It would require new bridges, road
crossings, entrances and exits. Moreover, realignment of the highway generates
few benefits because no recreational uses of the beach are gained unless the
project is coupled with structural measures to restore and maintain the
Bayfront Beach.

Structural Measures

Structural measures to reduce shoreline erosion, to stabilize sand movement,
and to prevent more overtopping may be used singly or in combination depending
upon the purposes to be met.

Revetments along shore are a classic approach to reducing wave energy and
stabilizing the shoreline. A revetment may be constructed from several
different materials depending upon the required lifespan and conditions of use
at the project site. Rock revetments are practical in Hawaii because often,
large size stone can be placed at a lower cost than can precast concrete
devices such as doloses. Structure made of wood or sheet pile are less
commonly used because of their relatively higher cost and frequent maintenance
requirements. Revetments may also be constructed from sand filled bags or
tubes. The "Longard" tube is an example of a device which can be placed at
very low cost. However, maintenance may be a problem depending on the
conditions of use at the site of application.

Detached breakwaters serve to absorb wave energy. Areas of calm water and sand
spits called "Tombolos" may form between the shoreline and the detached
breakwater. These structures are more costly to maintain than are onshore
revetments. They function well in situations where the littoral action is
predominantly onshore and offshore. They do not always work well when the
Tittoral currents move along shore as they do at the Bayfront shoreline.

Groins, jutting perpendicular to the shoreline are effective in stabilizing
beaches in longshore transport situations. Groins can be made of a variety of
materials but in Hawaii, stone is often cost effective.
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Pertodic nourishment to replace inevitable sand Tosses. The beach configura- -
tion must be ample in dimensions to permit fluctuations dye to intensive wave

attacks and the concomitant rebuilding which myst follow. Natural beaches are

ideal since they have stabilijzed over time and presuming there are ng altera-

tions in the backshore or offshore conditions. Restoration of natural beaches

where manmade alterations have occured is a complex endeavor which is often

desirable from the standpoint of retrieving recreation, aesthetic, and

Initial Plan Formulation

Initially, available measures were formulated into alternative plans with the

intent of megtin? the planning objectives where possible, Costs were estimated
for these initia alternative plans. The details of this effort are discussed

in the Supporting Documentation (Engineering Investigations, Design and Costs)
which is bound as part of thijs report. The following discussion summarizes
the initial plan formulation effort and compares the costs and effects in
Preparation for screening the initia) set of plans in order to choose several
for more detailed evaluation,

Beach Replenishment with Groins

Description, Where there jis a predominant longshore transport of sand in one
direction, groins can be an effective method for retarding erosion of a
restored beach. The groins may be constructed perpendicular to the shoreline
and sand accumulates on the updrift side, This assists the beach configuration
to orient itself to conform to the predominant wave crests and thys reduce
longshore transport, The trapping of sand on the updrift side can result in
downdrift erosion. To Cope with this, a series of groins must be built and
artificially filled initially., The groins can be designed to permit some sand
transport to continue either around the end or over the groin, or to act as a
complete littoral barrier. ‘Because of the unknown volume of sand transported
to the beach for nourishment naturally by the Wailuky River, it is proposed
that the beach be restored using offshore sand and the groing constructed to
permit very little transport over and around them in order to reduce the
periodic nourishment requirements., An adequate supply of suitable sand is
available about 800 feet offshore of the old Waijluku Sugar Mill site (see
Figure 2)., See the Supplementa] Documentation (Geology? for a description of

the sand source,

of groins is shown on Figure 8 The first groin is Spaced at a 700-foot

distance from Station 0400, and the rest at 600-foot intervals fron Station

7400 to Station 36+00. The potential longshore energy flux, and thus the

sediment transport, is generally Tow and reverse direction at about Station

40+00, §otthere should be Tittle adverse impact to the downdrift beach past
oint,

The landward ends of the groins would be tijeq to the existing rock revetment

and the groin length is determined by the shape of the fi]let oriented paralfe}

to the Prevailing wave fronts and assuming a minimum beach crest width of

50 feet on the updrift side of the fillet. Consideration was also given to .
mmiting the seaward extent of the groin to an approximate 10~-foot depth The Vet



()

ALTERNATIVES

Available Measures

A broad range of diverse measures are available for application to solve the

problems a]ong the Bayfront shoreline. These are summarized below and are
discussed in detail in the Supporting Documentation (Engineering, Design, and

Cost).

Non-structural Measures

There are no true non-structural measures which fulfill the planning
objectives. For example, "doing nothing” would not contribute to solving the

present problems and is unresponsive to the needs of the study area.

Suggestions have been made that the Bayfront Highway be relocated inland. This
would be a costly structural measure which would require a much longer highway
alignment through developed urban areas. It would require new bridges, road
crossings, entrances and exits. Moreover, realignment of the highway generates
fow benefits because no recreational uses of the beach are gained unless the
project is coupled with struictural measures to restore and maintain the
Bayfront Beach.

Structural Measures

Structural measures to reduce shoreline erosion, to stabilize sand movement,
and to prevent more overtopping may be used singly or in combination depending
upon the purposes to be met.

Revetments along shore are a classic approach to reducing wave energy and
stabilizing the shoreline. A revetment may be constructed from several
different materials depending upon the required 1ifespan and conditions of use
at the project site. Rock revetments are practical in Hawaii because often,
Jarge size stone can be placed at a lower cost than can precast concrete
devices such as doloses. Structure made of wood or sheet pile are less
commonly used because of their relatively higher cost and frequent maintenance
requirements. Revetments may also be constructed from sand filled bags or
tubes. The “Longard” tube is an example of a device which can be placed at
very low cost. However, maintenance may be a problem depending on the
conditions of use at the site of application.

Detached breakwaters serve to absorb wave energy. Areas of calm water and sand
spits called "Tombolos" may form between the shoreline and the detached
breakwater. These structures are more costly to maintain than are onshore
revetments. They function well in situations where the littoral action is
predominantly onshore and offshore. They do not always work well when the
Jittoral currents move along shore as they do at the Bayfront shoreline.

Groins, jutting perpendicular to the shoreline are effective in stabilizing
beaches in longshore transport situations. Groins can be made of a variety of
materials but in Hawaii, stone is often cost effective.
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A beach can be an effective wave energy absorber which will serve as a measure
to control erosion. It will function effectively providing there is sufficient
periodic nourishment to replace inevitable sand losses. The beach configura-
tion must be ample in dimensions to permit fluctuations due to intensive wave
attacks and the concomitant rebuilding which must follow. Natural beaches are
jdeal since they have stabilized over time and presuming there are no altera-
tions in the backshore or offshore conditions. Restoration of natural beaches
where manmade alterations have occured is a complex endeavor which is often
desirable from the standpoint of retrieving recreation, aesthetic, and
environmental enhancement benefits.

Initial Plar Formulation

Initially, available measures were formulated into alternative plans with the

intent of meeting the planning objectives where possible. Costs were estimated
for these initial alternative plans. The details of this effort are discussed

in the Supporting Documentation (Engineering Investigations, Design and Costs)
which is bound as part of this report. The following discussion summarizes
the initial plan formulation effort and compares the costs and effects in
preparation for screening the initial set of plans in order to choose several
for more detailed evaiuation.

Beach Replenishment with Groins

Description. Where there is a predominant Tongshore transport of sand in one
direction, groins can be an effective method for retarding erosion of a
restored beach. The groins may be constructed perpendicular to the shoreline
and sand accumulates on the updrift side. This assists the beach configuration
to orient itself to conform to the predominant wave crests and thus reduce
longshore transport. The trapping of sand on the updrift side can result in
downdrift erosion. To cope with this, a series of groins must be built and
artificially filled initially. The groins can be designed to permit some sand
transport to continue either around the end or over the groin, or to act as a
complete littoral barrier. Because of the unknown volume of sand transported
to the beach for nourishment naturally by the Wailuku River, it is proposed
that the beach be restored using offshore sand and the groins constructed to
permit very little transport over and around them in order to reduce the
periodic nourishment requirements. An adequate supply of suitable sand is
available about 800 feet offshore of the old Wailuku Sugar Mili site (see
Figure 2). See the Supplemental Documentation (Geo1ogy? for a description of

the sand source.

Groin Design. A general plan for beach replenishment stabilized by a series

of groins is shown on Figure 8 The first groin is spaced at a 700-foot

distance from Station 0+00, and the rest at 600-foot intervals from Station

7+00 to Station 36+00. The potential longshore energy flux, and thus the

sediment transport, is generally low and reverse direction at about Station

ggfoo, gotthere should be little adverse impact to the downdrift beach past
is point.

The landward ends of the groins would be tied to the existing rock revetment
and the groin iength is determined by the shape of the fillet oriented para11e1
to the prevailing wave fronts and assuming a minimum beach crest width of

50 feet on the updrift side of the fillet. Consideration was also given to
1imiting the seaward extent of the groin to an approximate 10-foot depth. The
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groins are designed to allow very little sand bypassing around the ends or over
the top. The groin lengths are divided into three sections: Section 1 extends

horizontally at the beach crest elevation (+10 feet) for the maximum crest
width; Section 2 slopes 1 on 10 along the beach slope to the mliw line; and

Section 3 extends seaward with a crest elevation at about mllw a sufficient

distance to prevent sand bypassing around the end, assuming a 1 on 10 beach
slope below mllw to intersect the existing bottom.

Groins could be constructed by using either standard rock rubblemound
techniques or, as an alternative, the less expensive and probably less durable

sand-cement filled bags.

Beach Replenishment with Detached Breakwaters

Description. A detached breakwater is a structure constructed offshore,
parallel to the shoreline, which reduces wave energy and the direction of wave

propagation in its lee. They can be very effective for controlling the
Jongshore transport of sand by reducing or eliminating the wave energy reaching
the shore. Their effectiveness for erosion control is directly proportional to
‘ their waive attenuation. Littoral drift deposits in the lee of the breakwater,
and if the wave energy is sufficiently reduced, the sand deposits can form
natural groins, called tombolos, which stretch from the shoreline to the
structure and completely block longshore transport. The breakwater need not
act as a complete littoral barrier, however; a low elevation overtopping
detached breakwater may be economical and still reduce Tongshore transport.
Adequate protection can usually be achieved if the structure causes the waves
to break, but still transmits some of the wave energy. A series of short
breakwaters can have the same general effect as a larger structure or a series
of groins, although their efficiency as a sand trap may be reduced.

Design. A restored beach stabilized by a series of detached breakwaters is
shown on Figure 9. Sand would be jnitially placed to form a minimum 50-foot-
wide crest at the +10-foot elevation. A series of six detached breakwaters,
each 400 feet long and separated by a gap of 200 feet, would be constructed
150 feet offshore at the six to eight-foot depth. The breakwaters would
extend from Station 2400 to Station 36+00.

Rock rubblemound is considered the only feasible construction technique for
the breakwaters. Sand-cement filled bag construction would require 800 to
1,000 bags for each breakwater, most of which would have to be filled

underwater. Longard tubes would not have the necessary crest elevation or
width.

Perched Beach and Artificial Surf Shoal

Description. The perched concept involves retaining a protective beach or
shallow offshore area by means of terracing using submerged breakwaters or

beach retaining sills. Wave energy is dissipated while propagating over the
shallow region by breaking and through bottom friction and, thus, sediment

transport along the shoreline is reduced. As with other protective beach
systems, an abundant supply of sand in _the active wave zone is necessary to
artificially fil1l the terraces initially, and probably to nourish the beach

periodically. Several terraces can be used to maintain a wide dry beach at
the desired elevation.
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The concept of constructing a man-made shoal area, such as a perched beach, to
provide shore protection and to provide recreational opportunity by creating

or enhancing surfin? waves is also possible. A report prepared by Moffatt & o~
Nichol, Engineers (1981) for the Los Angeles District of the Corps of Engineers

discusses the general feasibility of constructing an artificial surf shoal or
modifying coastal structures to create or enhance recreational surfing.

A perched beach and surf shoa) using Longard tubes to construct the sills is
shown on Figure 10 and described in detail in the following paragraph.

Desi?n. The perched beach would be constructed using double 40" Longard tubes
paraliel to shore to form a terraced beach slope. One double tube sill would
be placed 100 feet offshore at the approximate 6-foot depth and then backfilled
with sand, and the second double tube si1l would be on top of the fill 50 feet
from shore at the approximate ml1lw line and backfilled. A double 40" tube
would also be run perpendicular to shore at 600-foot intervals to compart-
mentalize the perched beach and act as a groin to retard any longshore sand
transport. Protection against scour and undermining of the tubes would be
provided by placing them on woven plastic filter cloth secured by 10" sand-
filled "sacrificial" tubes. The perched beach would extend from Station 5+00

‘to 35+00.

The surf shoal would be constructed between Stations 0+00 and 5+00. Longard
tubes would be used to create a terraced, parabolic~-shaped shoal extending
approximately 220 feet seaward of the existing shoreline, as shown on Figure 6.
This location has the greatest exposure to approaching waves without being
immediately adjacent to the Wailuku River mouth and the potential for river
debris damage to the Longard tubes. A small change in water depth produces a
large change in wave height near the breaker zone, and the shoal, with contours
at an angle to the incident wave approach, would produce a rapid variation in
wave height along the wave crest line. The shoal would refract the incident
waves and cause them to peak up and thus help to initiate breaking.

Rock Revetment

Description. Should a protective beach not be desired, a rock revetment could
be used to provide protection against damage and overtopping of the bayfront
highway. ‘Properly designed rock revetments are durable, flexible, and highly
resistant to wave damage.

Design, The most common method of revetment construction, and generally the
most satisfactory, is to place armor stone sized according to the design
breaking wave height over an underlayer and bedding layer designed to

distribute the weight of the armor stone and to prevent the loss of shoreline

material through voids in the armor stone. Generally, the slope of the
revetment should not be steeper than 1V on 1.5H. Toe scour protection can be
provided by constructing the foundation as much as practicable below the
maximum depth of anticipated scour (a general rule is one design wave height
below the sea bottom fronting the structure) and extending the toe seaward to

provide excess. stone to fill the possible scour through and to provide wave
protection to the toe to prevent scour.

Evaluation of Initial Alternatives

Summaries of the initial alternatives (including their respective construction
cost estimates) are displayed in Table 1. A1l of the initial alternatives meet
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the project objectives fully with the exception of a Rock Revetment which has
no environmental or recreational enhancement. A1l of the initial alternatives
are effective and constructable. The initial alternatives differ when
considering maintenance, reliability and cost.

Screening of Initial Alternatives

The initial alternatives were screened based on the evaluation criteria and
costs shown in Table 1. These alternatives were developed to allow trade-off
for major features of shore protection plans which might be considered for the
site. Detailed description of this process and of the computer mode1 used to
evaluate the effects of storm waves on the initial alternatives can be found
in the Supporting Documentation (Engineering, Design and Cost). The initial
alternatives were then compared (see the summary of this process in Table 1)

jn order to choose the most qpproqriate approach and to generate suitable
components into a comprehensive plan for estimating and evaluation.

The costs of the initial alternatives were originally estimated at October
1982 price levels., Table 1 shows an update of prices to October 1984 price
levels. Although five initial alternative measures are shown in Table 1, only
two distinct plans are being compared, One of these is shore protection using
beaches which is represented by the first four initial alternatives. The
second is shore protection using a revetment without beaches {and without
recreational benefits) and is represented by the fifth initial alternative
measure.

The first three variations of shore protection with beaches are nearly
identical in cost. Only the fourth variation is significantly less costly.
Unfortunately, the technology of this alternative (based on manmade fibers

woven into the form of large diameter tubes into which sand would be pumped)
is not presently considered to be a totally reliable method of shore

protection because of the potential for rupture of the tubes due to vandalism

or damage from storm wave tossed objects such as rocks or logs. Therefore,
this low-cost plan which would have provided extensive recreational benefits

was not considered further. However, it is not to be discarded lightly and

may have merit, particularly if a project were to be implemented by local
interests where in this situation no catastrophic damage would result from

failure of the tubes.

Sand Replenishment With Groins meets all evaluation criteria. Rock groins

were chosen over sand-cement bag groins because the life span and durability
of rock is well known. Testing has shown significant failure rates of bags
and the difficuity of good and placement caused this measure to be rejected on

the basis of practical considerations.

Sand Replenishment With Detached Breakwaters was rejected because of the
anticipated requirements ror more frequent and costly nourishment of sand
which would be Jost during storm wave attacks. Also this, the highest cost
measure, would be less effective in a Bayfront application than would be
groins.,

The Perched Beach With Surf Shoal, was the lowest cost measure which met all
planning objectives. The high risk of frequent damage and potentially high
maintenance, repair and nourishment costs caused this measure to be viewed in
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its totality as technically unacceptable. However, there is an opportunity to
integrate a portion of this plan into the final alternatives in order to

reduce costs and add surfing benefits,

A Rock Revetment at the lowest cost did not meet all the planning objectives.
However, it was carried on to final planning with the objective of including a
full complement of alternatives for review.

DESCRIPTION OF PLANS

Two final plans were formulated based on the screening of initial alternative
measures. Their costs include not only the first costs of construction which
are compared in Table 1 for the initial plans, but also the added costs of
engineering and design, supervision and administration, operation and
maintenance and, in the case of Plan A, pericdic nourishment.

The first final alternative plan, called Plan A, is a shore protection plan
using a manmade beach suitable for recreation as the protective structure.
Plan B, is a shore protection plan using a rock revetment which does not
provide for recreation.

Plan A is a composite plan formulated from components discussed and separately
costed as initial alternatives. It includes the use of groins, sand
replenishment and nourishment, rock revetment, and longard tubes. Plan A was
formulated to take advantage of the best features of several of the initial
alternative measures, It has a Tower cost than each of the first initial
alternative measures, yet provides virtually the same protection while
offering considerable more benefits in terms of recreational opportunities.

[t uses longard tubes and rock revetments for shore sections to take advantage
of low costs. It exemplifies value engineering.

Plan B is the basic revetment plan described in the initial alternatives. The

cost 1s higher than shown in the initial alternative measures (Table 1)

because of the added cost jtems discussed in a previous paragraph.

Plan A (Figure 11), or the Recreational Enhancement Plan, combines elements of
several initial alternatives considered in order to meet the project
objectives. Beginning at the west end of the beach, Plan A includes the
construction of ‘a surfing shoal, a protective beach (providing 250,000 square
feet of dry recreational beach area) stabilized by 4 rock groins, a rock
revetment (crest elevatijon 15 feet and 1,200 feet long}, and a 200-foot long
Jjetty groin near the Wailoa River,

Plan B (Figure 12) or the Shore Protection Plan, consists of the construction
of a 3,500-foot long rock revetment (crest elevation 15 feet).

Costs and benefits for both plans use 1984 price levels at 8-1/8 percent
interast.

37



its totality as technically unacceptable. However, there is an opportunity to
integrate a portion of this plan into the final alternatives in order to
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using a manmade beach suitable for recreation as the protective structure.

Plan B8, is a shore protection plan using a rock revetment which does not
provide for recreation.

Plan A is a composite plan formulated from components discussed and separately
costed as initial alternatives. It includes the use of groins, sand
replenishment and nourishment, rock revetment, and longard tubes. Plan A was
formulated to take advantage of the best features of several of the initial
alternative measures. It has a lower cost than each of the first injtial
alternative measures, yet provides virtually the same protection while
offering considerable more benefits in terms of recreational opportunities.

It uses longard tubes and rock revetments for shore sections to take advantage
of low costs. It exemplifies value engineering.

Plan B is the basic revetment plan described in the initial alternatives. The
cost 1s higher than shown in the initial alternative measures (Table 1)
because of the added cost items discussed in a previous paragraph.

Plan A (Figure 11), or the Recreational Enhancement Plan, combines elements of
several initial alternatives considered in order to meet the project
objectives. Beginning at the west end of the beach, Plan A inciudes the
construction of a surfing shoal, a protective beach (providing 250,000 square
feet of dry recreational beach area) stabilized by 4 rock groins, a rock
revetment (crest elevation 15 feet and 1,200 feet long), and a 200-foot Tlong
jetty groin near the Wailoa River.

Plan B (Figure 12) or the Shore Protection Plan, consists of the construction
of a 3,500-foot long rock revetment (crest elevation 15 feet).

Costs and benefits for both plans use 1984 price levels at 8-1/8 percent
interest.

37



<fsea Alaapie|al
S UDLIINAISHO) -Aemybiiy ayl
10; w0333104d uaresd apiacad
pInoM JUAIAIS %204 PAIINRLIS
-ug) pue paubysap Kydadoad ¢

~aaoys ayl buore

UOp1a4200 pues |eUDsEIS Al
Jnpas Jayrang Lo uo1I9| )AL
AG1ou3 ARM pasedJIuy pue *sudil
-ypund Guylsixa wodj auy|a4oys
ayy uy abueyd juedryiubys of

“d3AlY BOLIPH
ayy paemol jJ0dsuedy a40ysbuog
Juruywopaad Y UL UCLIINPL ol

- femybiy juoajfeq gy S0 uo1y1333
-0ad 3|0 ap1a0ad pincs Juad
Z12a2. 3204 Buyddojraso-uou 3y}

*auLI40YS
quoayfeq ay) Buope sy6aY
anem Guypyeaasd may Ay|esauab
ayy 01 anp moy K1qeqosd st
casem J|qRJ4Ns apLaoJd pinos
11 181 2wld Jo abejuazsad ay)
sgaaen Bupjans Buyanpoad Joj
ugpyeanbyjuod pue *3AzLs *adeys
A3 150w Y aupuuatap
0} J3pJo uy |3pow Iy ne4piy ®
Buisn pajpnys aq Ismi 1dasuod
L20ys j4ns 2yl +padedsyp J0u
ase pue (ua03 J0u pue yoejut)
punos A[yeinyonals ujead

£ay1 se bupp $° MDY
£L1euo1yauny aJe Kayy -butr
-[11§ 403 33°|d up S} pueEs Ellp}
2JU0 PAIINIISUCD A URD S{LLS
Y1 Yo1ym yim ased pue paads
ayy sy saqm paebuoy yo 3bed
~upape Aiewpad 3yl "auyl3doys
ayl 30 paeseds ABJaud daem
ajed}ssip 03 AeA aal3d9)y9 ue
s1 3daauod Yyaraq payasad 3yl

-yb1ay

pue UGYIIAILP AARM JUaPLOVY
pue [3Adf 3P11 WM Kiqe
-Jap}5u0d AIRA p|ROM Buy yans
40j) saaem a3yl jo Kypiend

ayy *Jaadmoy *Buyydns Leued
-P3JI34 FUTYUD PLAOMA |ROYS
JANS [ILILIT AL CLLYS
agmy pJebuod Yy £q pasapuiy
aq Aew J4a30M Y3 0 SSANY
*papiAaodd aq pLNoM 3133 aJenbs
000°051 A123ewixosdde jo
yIeaq [euDjieaLdad pues Lap v

‘U0jIRADLI
nop Kaspie(as 413y 03

anp 4anJ30 Kew 53GM} uto46 3yl
43A0 JJodsuvd) Jwas ‘Jaadmoy
+qs0dsueay asoysbuol adnpal
K(193.46 pynos duyl3I0ys ayl
jo ;mc_u_—nuzuEauaaeou. ayl

"U0L32}
-04d 3ARs wi03S Bppacad pue

- kBJaua Iaem a1edissip pLnoA
sy1dap aJoy5JRIU MOLLEYS

pue yaeaq aay339302d 3|qRIS ¥

*sanbiuylal u0LIINIISUOD
punowa|qqna 3204 pARpURIs
Sujsn 114nq 3g PLNOM SIITER
-yvaJdq YL C"PIAILYIE S| uoLy
-anpas ABJaua pasysap ayy ey}
ainsup 01 340ys wodg) Aue]
-Sip PUe *YIPIM PUR UOLIRASLD
15243 ‘Gupseds Jaajemyediq
pasynbas ayl ssIsSSE ALiny 01
saajemyeasq paydelap Aq pazil
-1qe3s 323foad judwysianou
yoeaq € J0 uojjeuauI|gul
{enyIe 03 Jopad pasinbaa aae
saypnis ubysap GuyJaauybua
pajLelap g0y CduLlaous
pues e Guildajosd pue Butzit
-1q215 40} pOYIw 3AL1I3333
£i19A ® 3Q UPD SJIIEMTAI]
payae3ap paubysap AyJadodd

-papiaoad 3Q pynos 323y 3denbs
000'00€ Al1emixosdde Jo
yaeaq [eudy3wasdas pues Kup Y

“3upiasoys ay3 1e
A5J43u3 JARM JO U0}3INpaa Yl
© kg paanpad Kpjueagyiubys 3q
pLnos j40dsuesy pues 3Joy56u07

*24045330 ||3m Bupyeasq
Gugyetiiuy £q ABJaud Ines
Guyred)ssip se |[am SE yoraq
aay13210ad © Supupeldld Aq auy|
-34045 3y} J0j :oﬂuuuaahn JACH
21015 U3 |3Ixa apiADLd pLNOM

yi6uay vjoab

ay jo yonu Guoje Jajemdapun pue
aje|d-u} paflil 29 01 ey pLnOM
fayy se ApseLnayited *3n04b
Juamad-pues ayy Yk paLlyd
£y43doad aq ued sbeq ayl Laylaym
uoj3sanb awos s1 d434] * 13ABMOH
+su)046 Y304 YA yoRq A

se aa}3day)d se aq pinos uve|d
Siy3 ‘pajIniIsued Kpasdoad 1

*sup0ab 3304 YIIM SR 3WES

*sujoJdb %304 YIjm SO AWeS

*suj046 3204 Aq
pazy11qe1s yIeaq ayl jo eyl 0}
Jeqywis uoi133zoud apiaoad pLoX

*yaeaq [euold

-201024 pue 2Aa13133104d 3343
-asueuajuiew A[3ajielat pue
A9 ja ue 3IpLACad pLhoM
ve(d sjyl sutoab Iyl 04
pazji1In 2q pIRoM sanbiuyaal
usyIINIISUEY punowRLqqnd 3301
piepuels jsodsueal pues
aJoysbuo| ajeupwt (@ AL1eLd
-uas53 pue yIeaq aap172104d
Yy IT111GeIS PLOM suyoab
30 asn ayl pue ‘Jagaosqe
£B4aua aAL393)33 Auaa e 3
pinos adols yaeaq {eanieu ayy

*J3ALY POLLEN 9Y] wOl)
abaryasip juawgpas ybiy Jo/pue
SULJLPUDD FARA WIS JIFAIS
Guiranp suyoab 2yl ssed-4q
pLROM pUES JO junoue [|EWS €
Klug 515340 3APA queujwopasd
ayy 01 1a|iesed uoy3eanbljuod
a|qe1s © aaapyoe o3 adey yaeaq
ayy Sugpie £q pues ;0 ja0d
-gupJy aJoysbuoy 3yy adnpad 1]
—quedy}ubys pEnos suL0ub 3y)

<K|qeuoseas £4ea pinon
uopieauatto pue adeys yoead
-pappaosd 3q pLaAck 333} @Jenbs
000" 00Y K|atewyxoadde jo ease
yIeaq |2L01IRALIAL pUES fap ¥

*KemybLy

qupaykeq ayl 40j U011331
—pand 3nzA WI01S ApLACSd pue
A643ua oaem Jjedissip pLRoM
yaeaq aapyd0jcad ajqels v

K311 19RI3NJ75U0D
pue SS3UIALIIVYLD

Gupsaaupbuy °ll

38

J3ALY PO[LRH
ayy pJemol 1J0d
-supal aJoysbuoy
40 u0yINpIY

juan .
-3Jueyua yoedq
L PUDLTBIL23Y

Aenybiry
Jauosykeq ayy Joj
u0123304d dOn5 T
saa12alqo

1Iafoud 5133 Tl

JUAWIIADY 1I0Y

LeOyS J4NS YLK
yaeay paylaad

s131eMyealg payde1ag YIe
judunys Luaday purs

sbeg pailld Waa)-pues

SU1049 ¥I0H

v1J43}14] UOLIPA[RAT

sU045 YN JuduysSiua|day pues

saA}IRUIAY

LR3I JO uo1iRn|RAT 1 algel

R



0D0*66L"2
000°09:'2%
000785¢E
000°2£E°2
0

o00'0E  $

*abewep asem uwi0s woay

3JE 240ySYIPq YL pue UD)S0LI
wosy autlasoys e Bugidajoud Jog
poYIdw 33.4) aJuruAULRW K(BALY
+¢|34 pue 3[qeanp *uasosd aw)}
? S} luadur)aaal XJ04 palanals
-t02 pue paubisap Ajaadosd y

000°95¢°¢
000 0v0°c$
000796F
000 581"

000*6g2'!
000°002 $

‘ue(d Jajemyeadq paylrvlap

) 403 JeY3 O3 JR[ s g

07 Palew])sd a9 Sjuawdapnbas
JUUNSLN0U YIRIY  *IALTITY
-jau} wayy buraapuaa agny ayy
40 3IN0 pues mouupm A|pides ued
UOYII® JABM 'Ul0} BIUQ T |ROyS
J4ns 241 uppiuod 03 pasn saqny
ayy Gupamiaund a0 Gugdeay a0y
32400$ ' 3q PENOD SUL) pJROQ
-JJng  “sjaqap Gupieot; pue
wstepuea £g abewep 03 atqe
~JaU|nA AJdA 3ag saqmy parbuoq

000" 1666
000'0L0°6$
000"981 1
000" ¥82'c
000°00%*
. oootopz §

*YIRIIT AN UUOIS JUDADS
Guyanp pawioy sjvaasnd dys
Euoays 01 anp sJajeMmyeasq ayi
U3aM3aq pATMRas parow bupaq
pues 03 anp sueld ujoab ayy
4oy ueyy xaybyy ag Lew syuau
~341nbad Judwsianou yaeag
*Bupyse|-6uo| pue ajqesnp aue
S43IeMATALG PUNOWI|[QQNA Y30
PaYIe1ap paubrsap Alaadosy

000°¥21°6
000*00° 85
B00°F0°'T
000*951° [
000*009'S
000‘00Z §

‘ueld ugosb ¥d0x 3y} Joj se

awes 43 99 pLnoM SIUdwRLNbIL
JuysAnoU yieaq Iyy *[euoii
-dunj utewad sutoab ayy papyacdy
*saaeM wa0ls Aq Juawade|dsip
31qyssod 03 333fqns aq pur %Iead
A{1peaa (|4 sBeq ay3 *({bu}
-ty Guyenp Juswad jo ssOf JO
X[ U3AIUN) pa|| )} A(aadoadug

31 “apqeanp A|qeuoseas 3q plim
sujosb ayl *ynoab ayl jo Guyua
=pdey 03 Jojad pade|dsyp jou §y
pue ‘patq1y Aaadoad Cauanjxym
30046 12344060 3yl yIts paLLLy
Kuaad aq ued sbeq ayl ydus 03
23abap 2yl 03 pajeqad L|1dax)p
sy sup04b Beq paj|is Jvawad
-pues 3yl jo A11|lqeanp dyy

~A3yauenb ||y @oeqd-uy pasysap 2y}

000 EPS‘E
000‘08Y*8$
00076011
000°1£5°1

000'009°S
500°002 §

TJueuduL e [Ruwou A{u0
aipnbad pynoys pue *Burasel
-Guot pue 3jqednp aie suioab
%304 3y] -sasodand Buguuerd
J0) 3|qeuoseat palapisuod st
saeak g7 A32A2 (1) yovag [Put
~63.10 3y1 30 jwaduad gy jnoge
J0 21R1 Juaysienou J1poysad
B pu® *1aaamoy *pailadxad ag
uRd pUBS JO 550| WWOS “YdPag
Y] ysianou Lyeaiporaad

03 pa3v 3yl 3npaJs snyy

pue ‘Buissed-£g pues anywiuww
03 paubysap ade suyoub ay)

33l 51 A11juenb Guybpaag,

(¥8 120 o1 pajepdn)
1507 W0l

{x517) Aauwabuyjun)

§3JmMHUIS
»L11d pueg
qowag pue qoy

(v x)jpuaddy

835} 150) A}

s1uawaainbag

AJUCUAIVLIRY ‘1]

JuawaAdy Y20y

[e0ys Jang YA
yseag payaeagd

SJILeMARIIY PAYIRIA] YIiM
wamysjuaiday puesg

sbieg pa[|y4 Juawa)-pues

Sit4019 %0y

SUL0JZ YIIH Tvauysualday pues

°1437L4] UOLIEN|PA]

{panugjuod)

- 1 agep

39




11 34N913

MTONOH IDIHLS 10 YIINIONI Aty v SN

V NVId-LNO¥JAVE OTIH

AQNLS JAISNIHIHEIWOD VY3HY 01N

= == - |

oos o Qos

,/
V +334 NI 3IDS BHdvd9 3IYHWIXOUdd Y

Q0+86 -o04g
ulolg yaoy

4 049 ¥vH

40

JUrLE 0 GOegZ ‘039
LLITRY FYTYRE YT

OC*G5¢ 0f 00+s ‘oyg g
84)0JD O0H Ypim-—-
07 1IH 4oooy 9A|}95404y
00tS 0} 0O+0 ‘D15 ; ¢
1ooyg -..:w..\n..n!rf.f
eqni pJobuoty




21 34NOIS

MIAMONOH "L1¥LS10 ¥2INIONT ANYHY SN

g NV1d -LNOY 4AVE O7IH

AQN1S 3AISNIHIHAWOD VY3IHV O1IH

1334 NI 2TVIS DIHdVED JLVYHIXOHdd Y
! = - -]

00% o

0001 00§

7
V\\\zx v d

{ 7 -
= A
?& L4 My [ a\‘\\

{ 00+5S 00408 003y, GO+ OF H
DO4BS Tt et ot T oap g b e L LT *Iy
' »,
y 00+Gg o} 00+0 DIS / s
juswyiaaay Y0y k.
julog jRUDOIOD
08 YVYH O7T1H

41

it L e e e ST B B e e S

R



PLAN A

Description. This plan (Figure 11) uses a combination of techniques to protect
the shoreline and enhance recreation and the environment along the bay front.
It includes a surfing shoal stabilized by Longard tubes, a protective beach
stabilized by groins and a rock revetment. Table 2 shows the summary of
project costs of this plan. Table 3 shows the investment cost summary and
Table 4 shows a Summary of Costs, Charges and Benefits. Cost sharing is based
on a formula of 70 percent Federal and 20 percent local because of the
protection. of a public park and restoration of a public beach.

TABLE 2. PLAN A
SUMMARY OF PROJECT COSTS

Project Federal Non-Federal
Total Share Share

Project First Cost
— Imitial Construction Cost $6,978,0001/ $4,885,000 32,093,000
Engineering, Design, Sugervision

& Administration (E&D, S&A) 968, 0002/ 678,000 290, 000
Total Project First Cost 7,946,000 5,563,000 2,383,000
Periodic Nourishment Cost,

including E&D, S&A 1,126, 0003/ 788, 000 338, 000

Total Project First Cost
Including Periodic

Nourishment $9,072,000 $6,351,000 $2,721,000

Annual Maintenance
Maintenance 19,0004/ 0 19,000
Reconstruct Surf Shoal @ 25 yrs 5, 0005/ 0 5,000
Total Annual Maintenance ' $24,000 0 $24,000

1/ Includes 25% contingency
2/ Includes $200,000 for hydraulic model study
3/ Based on 10% nourishment of beach every 15 years

4/ Based on 1% of armor stone cost
5/ Annualized cost to reconstruct surf shoal

TABLE 3. PLAN A - INVESTMENT COST SUMMARY

First Cost (initial) $7,946,000
Future Nourishment (present worth) 163,0001/
Interest During Construction ' 498, 0002/
Total Investment Cost $8,607,000

1/ Based on 8-1/8% interest rate and beach nourishment at 15, 30, and 45 years
from construction.
2/ Based on B-1/8% interest rate and an 18 month construction period.
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TABLE 4. SUMMARY OF COSTS, CHARGES and BENEFITS - PLAN A

Project Investment Cost $8, 607,000
Annual Charges
—Tnterest and Amortization on investment 714,0001/
Operations and Maintenance 19,000
Reconstruct Surf Shoal @ 25 yrs. 5,000
Total Annual Charges $ 738,000
Annual Benefits
{From Supplemental Documentation, Economics) $1,266,000
Benefit-Cost Ratio 1.7
Net Annua) NED Benefits _ $ 528,000

1/ Interest and Amortization at the rate of 8-1/8% and based on an
—  economic life of 50 years.

Impact Assessment. The dredging of the offshore sand site and the construction
ortjons of this project would cause temporary impacts on water quality in the
ay. Design of the stabilizing structures for the surf shoal and beach would

require a model study to effectively reduce or eliminate sand loss.

Mitigation Requirements. None.

Implementation Resgonsibilities. The Corps would provide overall management
for impliementation and the County would be responsible for all Tlocal
requirements.

Cost Allocation. None.

Public Views.

Federal Agencies: No objections from USF & WS.

Non-Federal Agencies: The Parks Department, County of Hawaii, supports this
project.
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PLAN B

Description. This plan (Figure 12) requires the construction of 3,500 feet of
rock revetment on top of the existing rock revetment. Table 5 displays the
summary of project costs for Plan B, table 6 shows the investment cost summary
and table 7 shows the summary of costs changes and benefits.

Table 5. PLAN B
SUMMARY OF PROJECT COSTS

Project Federal Non-Federal
_Jotal Share Share
Project First Cost
Project Construction Cost $2,799,0001/  $1,400,000 $1,400,000
Engineering, Design, Supervision
& Administration (E&D, S&A) 336, 000 168, 000 168, 000
Total Projecf First Cost $3,135,000 $1,568,000 $1,568,000
Annual Maintenance Cost $23,0002/ 0 $23, 000

1/ Includes 25% contingency.
Z/ Based on 1% of armor stone cost.

TABLE 6. PLAN B - INVESTMENT COST SUMMARY

Total First Cost $3, 135, 000
Interest During Construction 196, 0001/
Total 'Investment Cost $3,331,000

1/ Based on 8—1/8% interest rate and an 18 month construction period.

TABLE 7. PLAN B - SUMMARY OF COSTS, CHARGES AND BENEFIT

Project Investment o $3,135,000
Annual Charges o ,
Interest and Amortization on Investment $§ 260,0001/
Operation and Maintenance 23,000
Total Annual Charges $ 283,000
Annual Benefits $ 22,000
Benefit-Cost Ratio 0.1
Net Annual NED Benefits NONE

1/ Interest and Amortization at the rate of 8-1/8% and based on an economic
life of 50 years.
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Impact Assessment. No significant impacts due to construction of new rock
revetment anticipated.

Mitigation Measures. None.

- Implementation Responsibiiities. The Corps would qrovide overall management
for implementation and the State and/or County would be responsible for all

‘Tocal requirements.

Cost Allocation. None.

Public Views.

Federal Agencies: No objections.

Non-Federal Agencies: This plan is not supported by the County of Hawaii.

EVALUATION OF FINAL PLANS

PLAN A (FIGURE 11). This plan has a benefit-to-cost ratio greater than unity
= 1.7). would provide .adequate shoreline protection and would
significantly improve the recreational opportunities in the Hilo area.
PLAN B (FIGURE 12). This plan has a benefit-to-cost ratio less than unity
= U. 1} and should provide adequate shoreline protection.
Table 8 shows the breakdown of the benefits attributed to these plans. The
Computations are based on a 8-1/8 percent interest rate on a 50-year project

life. The Froject base year 1985 is when benefits are expected to begin
accruing. Figure 13 shows the economic benefits compared with project costs.

TABLE 8. COMPARISONS OF AVERAGE ANNUAL BENEFITS (§)

Benefit Plan A Plan B
Savings in Highway
Maintenance and Repair § 22,000 $22,000
Recreational Benefits 1,244,000 0

$1,266,000 $22,000
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Costs for construction were estimated at October 1984 price Tevels. Table 9
shows the summary of costs and benefits for the alternative plans,

TABLE 9. SUMMARY OF COSTS AND BENEFITS ($) a
Plan A Plan B
Total Project First Cost $9,072,0001/ $3, 135,000
Federal First Cost 6,351,000 1,568,000
Non-Federal First Cost 2,721,000 1,568,000
Average Annual Project
Costs _+ Average
Annual 0O8&M ' 738,000 283,000
Average Annual Benefits 1,266,000 22,000
Net Annual NED Benefits 528,000 NONE
Benefit-Cost Ratio 1.7 0.1
1/ Includes Periodic Nourishment
Ratjonale for Designation of National Economic Development (NED) Plan.
Plan A would be the NED plan because it has net annual NED benefits of $528,000
and a benefit-to-cost ratio of ‘1.7. Plan B has no net benefits.
TRADE-OFF ANALYSIS
Plan A makes net contributions to the national economic development (NED),
environmental quality (EQ), regional economic development (RED) and other
social effects (0SE) accounts. Plan B makes a net deduction from NED and has
no positive effect on EQ, RED, or OSE. Figure 13 shows the relationship
between the area of the dry sand beach, the project first cost and the annual
recreational benefits. The following data were used to develop the figure
which indicates the optimum beach area tg¢ be 250,000 square feet,
Size of Beach vs Initial First Cost
~ Size of Beach (sq. ft.) Initial First Costl/
125,000 $7,123, 0002/
250,000 (Plan A) 9,072,000
350,000 10, 142, 0002/
1/ Includes 25% contingencies and E&D, S&A, and periodic nourishment,
2/ Developed based on Plan A.
Size of Beach vys Average Annual Recreational Benefits
Size of Beach (sq. ft.) Avg. Annual Benefits
165, 000 $ 934,000
185,000 1,035,000
207,000 },}03,808
225,000 43,00 ;
250, 000 1,176. 000 el
350, 000 1,207,000
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Table 10 displays the existing and future resource conditions in the Bayfront

- study area without the implementation of the alternative plans. The table also

shows the problems and opportunities at the Bayfront.
Table 11 displays the alternative measures which were not developed into plans.

Table 12 displays reasonable alternatives including those required by the
National Environmental Policy Act.

Table 13 shows existing or planned Federal and non-Federal projects or

facilities having significant economic, environmental, or physical interactions
with the recommended plan together with a discussion of these interactions.
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PLAN SELECTION

Plan A was selected as the final plan because it fulfills all of the project
objectives by contributing to economic development, recreation and
environmental quality. It provides the greatest net NED benefits.

SELECTED PLAN DESCRIPTION

Components
The selected plan includes the following components (Figure 14):

a. Construction of a stabilized surfing shoal.

b. Construction of a stabilized protective beach.
c. Construction of a rock revetment.

The plan has three distinct features.

a. Artificial Shoal. This structure restores the former beach area and
stabilizes 3t with the use of longard tubes. It will prevent overtopping of
the Bayfront Highway. A shoal was chosen for this 500 foot section (stations
0+00 to 5+00) of the project in order to take advantage of higher wave
conditions at this location. The shoal would create a wet beach which would
significantly restore the opportunity for the traditional native Hawaiian
sport of surfing. This also would be a relatively safe place to surf for
beginners. Dry beach users would take advantage of this area since part of
their attraction to the beach will be the multiple water sport opportunities
available. These include swimming, sunbathing, surfing, canoeing and
fishing. The artificial shoal is an integral part of the overall project
because it restores and enhances surfing use at the bayfront. The first cost
of the shoal is less than the dry beach restorations (the shoal must be
replaced midway through the project 1ife). This is due to the lesser cost of
longard tubes as stabilizing structures and also because a Tesser volume of

sand is required.

‘The use of longard tubes was felt to be justified here because their use below

mean lower low water and the short reach involved. The actual cost of the
longard tube system is slightly less per 1ineal foot over the project's 50 year
1ife than is a rock revetment. The use of sand-cement mixture to stabilize

the tube if the fabric fails is intended to prolong the useful life of the
shoal to equal or exceed the 25-year replacement point. Benefits are obtained
by enhancing the recreational opportunities for surfing at this location.
Specific monetary benefits have not been taken however.

b. Dry Beach Restoration. Restoration of the beach was chosen in order
to provide recreation benefits as well as benefits from the prevention of
highway overtopping. A combination of groins and sand replenijshment from a
convenient offshore source was designed in order to provide stable structures
for sand retention over the 2,000' reach (stations 0+5 to 0+25). Rock was
chosen over the stightly less costly sand-cement filled bags to construct the
groins. This decision was made because of the construction problems associated
with sand-cement filled bags. Similarly, construction of a perched beach more
extensive than surf shoal using longard tubes was rejected because of the high
risks of damage to the the long length of the tubes from pounding waves,
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debris or vandalism. A groin is included at the eastern end of the beach to
capture and prevent the new sand used to construct the beach from forming a
sand bar in the Wailoa River. This groin is an jntegral part of the project
because it functions to provide sand to be used for periodic nourishment. It
also will prevent shoaling of the Wailoa River.

Groins have been designed to minimize, not completely stop, sand bypassing.
The nature of this beach system is such that sand movement occurs both
longshore (typically to the east) and onshore-offshore (during the severe
storms). The best professsional judgment using the resuits of field
investigations of currents, waves and sand movement is that groins would be
better than detached breakwaters for stabilizing the shore.

c. Revetment. A revetment constructed of rock was chosen as the means of
protection for the 1200 feet between stations 25+00 and 37+00. The revetment

. would protect the fishing and hiking path along this reach of the project as

well as the highway. This is an integral part of the entire plan in order to
maintain maximum public access between all recreational facilities, parking,
restrooms and showers.

d. Periodic Nourishment. Up to 25,000 cubic yards of sand would be
required every 15 years to mourish the beach. The groin at the east end of
the bayfront beach functions as a sand trap to provide a partial source of
sand for periodic nourishment. Nourishment is a more economical erosion
protection measure than retaining structures such as revetments or detached
breakwaters. Nourishment is an integral part of beach stabilization and shore
protection.

Operation and Maintenance

Operation and maintenance of the stabilizing structures and revetment is
estimated to cost $24,000 annually. The shoal would be replaced after 25
years..

Accomplishments

Plan A provides adequate shoreline protection and the best use of the Hilo
Bayfront.

The surfing shoal and the protective beach would enhance the recreational
oggortunities in the Hilo area. The protective beach would add over 5 acres
8 82,000 sq ft) of much needed dry recreational beach area to the existing

.84 acres.

The rock revetment would protect the shoreline in the area not protected by
the surfing shoal or the protective beach. Sand trapped by the eastern most
groin would be used to nourish the beach.
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Summary of Economic Effects
SELECTED PLAN - (PLAN A)

Total Project First Cost V/ $9,072,000
Annual Maintenance 24,000

Benefit-Cost Ratio 1.7
1/ Including periodic nourishment
IMPLEMENTATION
The following is provided for informational purposes only since Federal

implementation is not warranted: for the Bayfront project at this time.

Institutional Requirements

Traditionally, following authorization by Congress, the Honolulu Engineer
District would perform final preconstruction engineering and design work. The
District would administer construction. The Department of Parks and
Recreation, County of Hawaii is the local sponsor and responsible
administrator for the Bayfront Park and its facilities.

Federal.and Non-Federal Responsibilities

Local government would be responsible for maintenance and repair of the
project. The Federal government would be responsible for construction of the
project and periodic nourishment of the beach subject to the cost sharing
provisions stated above.

Views of the Sponsor

The sponsor approves of the plan and has submitted a letter of intent
(Figure 15).

Summary of Coordination, Public Views and Comments

A draft Survey Report and EIS was circulated for public review and comment in
April 1983. A public meeting was held in Hilo on 25 August 1983. Comments
were favorable towards Plan A and no adverse comments were received., See the
comments section of the EIS for a detailed discussion of comments received
during the report's public review.
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CONCLUSIONS AND RECOMMENDATIONS

Conclusions

The existing shoreline at the Hilo Bayfront is relatively stable except at the
Wailoa River end (the eastern end) of the beach where substantial accretion
has been occurring. The stability has been established because of the exist-
ing revetment which was constructed and is being maintained by the State
Department of Transportation for the purpose of protecting the Bayfront
Highway. This revetment and highway were built over the natural beach
backshore in the alignment of the railroad track which was first built in
1903, but destroyed during the 1946 tsunami.

The maintenance and repair costs to the highway because of storm wave damages
are estimated to be $22,000 per year based on the information provided by the
County of Hawaii and the State Department of Transportation. The benefit of
constructing a shore protection project at this location would be the reduction
of these costs. An ancillary benefit would be an added value of newly created
recreation at the site. In this case, recreation benefits have been estimated
to be 31,244,000 per year for Plan A, Recreation opportunities are projected
to be largely for local residents and assume that the beach would be used less
than 30 percent of the time because of weather conditions in Hilo. The
projection also holds hotel rooms constant at 1980 levels with a 40 percent
occupancy rate. It is a conservative projection based on several recreation
studies by State and County agencies.

Plan A, which provides for recreation, would cost $9.1 million with a benefit
to cost ratio of 1.7. The recreation benefits are 98 percent of the total
benefits. This plan is feasible from the standpoint of econumics, engineering
and environmental effects.

Plan 8, which does not provide for recreation, would cost §3.1 million wigh a
benefit to cost ratjo of 0.1. Therefore, Plan 8 is not economically feasible
because it's average annual cost exceeds the estimated annual benefit.

Plan A is feasible by virtue of it's large recreation benefits to be obtained
through the creation of a beach which serves to protect the highway from
overtopping waves and subsequent damages. Because of the creation of beach
extension beyond the approximate historic shoreline, Plan A does not meet the
intent of the Congress which was expressed in Committee reports in 1956
(Public Law 826, 84th Congress; 70 Stat. 702) which stated in part: "...the
Committee believes that the intent is to restore lost lands rather than to
create new lands...." (House Report No. 2544 and Senate Report No. 2691).
Moreover, it is the policy of the Administration insofar as recreational
opportunities are concerned, to rely on the private sector to provide public
services whenever possible.

Based on the evaluation and findings, the District Engineer believes that
sufficient investigations have been made, and information on the environmental,
social, economic and engineering aspects of the alternatives considered have
been reviewed. The District Engineer has also reviewed the intent of Congress
regarding shore protection and preservation, and program policies of the
Adninistration. In light of the study findings, the District Engineer
concludes that a project at the Bayfront Beach lacks Federal interest and that
further Federal involvement is not warranted.
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Recommendations

Due to the lack of Federal interest, I recommend that no Federal action be
taken at the Hilo Bayfront Beach. However, because a plan exists which is
technically and economically feasible, and environmentally acceptable, I
further recommend that this report be made available to local interests and
interested parties for their information and possibly project implementation.

W enks
Colonel, Corps O gineers

District Engineer
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FINAL
ENVIRONMENTAL IMPACT STATEMENT
BAYFRONT BEACH SHORELINE IMPROVEMENTS
HILO AREA COMPREHENSIVE STUDY
The responsible local cooperating agency is the State of Hawaii Department of
Land and Natural Resources, Division of State Parks, Outdoor Recreation and

Historic Sites.
The responsible Jead agency is the US Army Engineer District, Honolulu, Hawaii.
The US Fish and Wildlife Service is a cooperating federal agency.

Information, figures and displays referred to in the main report and appendices
are incorporated as a part of this Environmental Impact Statement.

Abstract: As part of the continuing Hilo Area Comprehensive Study, the need
to protect the Bayfront Beach from eroding, and the improvement of recreational
opportunifies were investigated. - Several alternatives were considered, but
oniy two were studied in detail. Plan A was selected as the National Economic
‘Development Plan because of jts more favorable benefits. It is also designated
. the Environmental Quality Plan because of the creation of new recreational
features which are part of the Plan. There is no nonstructural plan which

will fulfill the objectives of the study. No significant adverse

environmental impacts are anticipated.

~ The Notice of Availability of the.FEIS is expected to be published in the
. Federal Register by the Environmental Protection Agency on ,
‘7]984, If you have comments, send them to the District Engineer so they are
- received not later than 30 days after the date of publication.

Liflyou would like further information on this environmental impact statemeht,
"p]ease-contact:

Dr. James E. Maragos, Chief

Environmental Resources Section

US Army Engineer District, Honolulu
Building T-1 .

Fort Shafter, HI 96858 ' !
Phone: (808) 438-2263

EIS-i



'V?TAPPENDIX C Natura1 ‘Resources

TABLE OF CONTENTS

Titte’
COVER SHEET

TABLE OF CONTENTS

SUMMARY |

NEED FOR AND OBJECTIVES OF THE ACTION
ALTERNATIVES, INCLUDING THE PROPOSED ACTION
AFFECTED ENVIRONMENT f

Physical Setting
*:Significant Resources

- ENVIRONMENTAL EFFECTS

Phys1ca1 Effects .
- Significant Resources
_ Adverse Effects That Cannot be Avoided
: Means to M1t1gate Adverse Environmental Effects

PUBLIC INVOLVEMENT

. LIST OF PREPARERS
".;BIBLIOGRAPHY '

INDEX

. f'*;;fAPPEﬂDIX A Section 404(b)(1)‘gya)uation'and Water Quality
f“};"APPENDIX 8 Cultural and Socia].R¢5°Uf°es |

!

;ﬁAPPENDIX D Coastal Zone Management Federal Cons1stency Determ1nat11n

;tAPPENDIx E Letters of”Comment.and Responses

EIS-i

Page

EIS-ii
EIS-
E1S-3
EIS-4
EIS-8

EIS-8
EIS-9

EIS-15
EIS-15
EIS-17
EIS-19
EIS-19
£1S-18
E15-23
E15-28
E1S-30

A1

B-]V
c-1
0l )



-

1. SUMMARY

1.1  MAJOR CONCLUSIONS AND FINDINGS. Two plans were evaluated in the Hilo
Comprehensive Study, Bayfront Beach Shoreline Improvements Study. These Plans
were Plan A - Recreational Enhancement Plan and Plan B - Shore Protection Pian.

TABLE 1. PLAN FEATURES

Plan A Construct a surfing shoal, & protective beach (250,000 square
feet of dry beach) stabilized by 4 rock groins, a rock
revetment 1,200 feet long with a crest elevation of 15 feet
and a 200-foot long groin near the Wailoa River (F1gure 1 -
Main Report). : _

Plan B Construct a 3, 500-foot long rock revetment with a crest

. elevation of 15 feet (Figure 12 - Ma1n Report).

Plan A is designated the National Economic Development Plan because of its
greater overall benefits.

; There is"no Nonstructural Plan.

P]an.A is designated the Envir@nmenta] Quality Plan since it enhances

' recreatjonal opportunitjes in the project area.
.j;iNo wet}ands or prime_agricuifura] Iands arevinvo1ved.
: ijﬂf  fﬁéuBa;ffénf Beach iS‘fn a flo?dplain and a high tsunami haZard'aréé;
:f':fhe H110 Ereakwéter, Hilo Iron Works and the Wailoa River Bridge are e]igib]é
: ‘for 1nc1us1on to the National Register of Historic Places. Neither of'the'

'p]ans will have an adverse 1mpact on these structures.

9. AREAS OF CONTROVERSY. None.

1.3 UNRESOLVED ISSUES. None.

1.4 RELATIONSHIP TO ENVIRONMENTAL REQUIREMENTS. (See Table 2).

EIS-1



TABLE 2. RELATIONSHIP OF THE PLANS TO ENVIRONMENT PROTECTION
STATUTES AND OTHER ENVIRONMENTAL REQUIREMENTS (CONTD)

State and Local Policies _ glég_g Plan B
State Conservation District Use :

Application Permit (See Section 6.2) NA NA
County General Plan - Ful Full
State Land Use Law L Full Full

Required Federal Entitiements (Permits)

None required

_NOTES:

a. Full (Full Compliance). ;Having met all requirements of the:statute,
Executive Order or other environmental requirements for the current stage of
planning (either pre- or post-authorization).

b. Partial (Partial Compliance). Not having met some of the requirements
that normally are met in the current stage of planning. Partial compliance
entries should be explained in appropriate places in the report and/or EIS and
referenced in the table.

c. Non-Compliance. Violation of a requirement of the Statute, Executive
Order, or other environmental requirement. Non-compliance entries should be
explained in appropriate places in the report and/or EIS and referenced in the
table. : ' ' '

~d. N/A (Not applicable}. No requirements for the statute, Executive
~ Order or other environmental requirement for the. current stage of planning.

- 2. NEED FOR AND OBJECTIVES OF THE ACTION.

o241 STUDY AUTHORITY.. The study of Bayfront Beach Shoreline Improvements is
_conducted.under Section 144 of the Water Resources Development Act of 1976.
The Act authorizes a study of methods to develop, utilize and conserve water
“and land resources in the Hilo Bay area, inciuding the consideration of the
need for navigation facilities, for enhancement and conservation of water
quality and fish and wildlife, for environmental enhancement and for economic
~and human resources development. The recommendations shall be compatible with
other local comprehensive development plans and plans of other interested

Federal agencies.
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2.2 PUBLIC CONCERNS. Local residents as well as the State of Hawaii
Department of Transportation have long been concerned about the overtopping
and damage to the bayfront highway caused by storm waves and the ineffective-
ness of the existing revetment in some areas. Additionally, the need to
improve water related recreational opportunities in Hilo Bay has been
expressed during all the public workshops and meetings for the Hilo-
Comprehensive Study. Since it bégan in 1976, improvements to Bayfront Beach

~and the improvement of water: qual1ty in the bay have been major aspects of the_
"study. This report deals with the Bayfront Beach; bay water qua11ty is

covered in a separate report.
2.3 PLANNING OBJECTIVES.
a.  Protect the bayfront highway.

b. Enhance recreation.

1
i

¢. . Prevent shoaling of the Wailoa River mouth.

3. ;ALTERNATJVES, INCLUDING THE PROPOSED ACTION.

3.1 PLANS ELIMINATED FROM FURTHER STUDY.

Sand rep]en1shment w1th detached breakwaters. This alternative was

- el1m1nated because of excessive cost.

Sby Sand rep]en1shment w1th sand-cement filled bag gro1ns. This

'ﬁ?:falternat1ve was e11m1nated because the structure would not be resistant to
”ff_H110 Bay storm waves. -

;=-:é. Beach rep]en1shment a]one. Th1s a]ternat1ve was reaected because

. Jof excess1ve annua1 maintenance required to replenish lost sand.

d. Nﬁnstfuctura] P]an A feasible nonstructural plan could not be.

E 1dent1f1ed that would fulfill the objectives of the planning study.
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3.2 PLANS CONSIDERED IN DETAIL.

a. Plan A - The Recreational Enhancement Plan. This plan contains'é .
mix of structural means as well as beach replenishment to meet all the
objectives of the study. The beach would be replenished to a minimum width of
50 feet, stabilized by four rock groins providing 250,000 square feet of dry
beach. A 200-foot long rock groin would be constructed near the Wailoa River.
and a surfing shoal would be constructed near the Wailuku River (Figure 11 -

Main Report).

b. Plan B - The Shore P;otection Plan. This plan éonsists of the
construction. of a 3,500-foot Tong rock revetment with a crest elevation of
15 feet (Figure 12 - Main Repoqt).

- 3.3 COMPARISON OF ALTERNATIVE IMPACTS. (See Tabie 3).

TABLE 3.  COMPARISON OF ALTERNATIVE IMPACTS

Resource Base Condition . Plan A Plan B
Recreation
Beach Parks Mooheau Park , R
- erosion No effect No effect”
Bayfront. Park ' -
erosion : A Eliminates erosion Eliminates erosion
canoeing . No effect No effect s

BT sun bathing, wading - Provides 250,000 No effect
' sq ft more beach :
area

parking  May require more . No effect =
 parking in the - P
_future ‘
’ Wailoa River Park No effect . "

Liliuokalani Gardens
and adjacent areas

Coconut Island

Banyan Drive
shoreline

Reed's Bay
swimming
1"

1 n
Baker's Beach EIS-5



TABLE 3.

Resource

Recreation Beach
Parks (Contd)

Surfing

Fishing

.-ﬂ,Bp?ting'

f P

| G‘Natﬁf&]‘Hazards
“, Volcanic

© Tsunami

" Humpback Whale
gﬁ:{(Endangered)3

" Hawksbi11 Turtle
. (endangered) -

"L Green Sea Turtle:

S .. -(threatened)

" " Hawaiian Coot '
. _(endangered)

ndangered Species

Base Condition

Radio Bay
Radio Bay Park
Hilo Breakwater

Coconut Island area (1)
Wailuku River Mouth (3)

Tip of Hilo Breakwater
Hilo Breakwater

Shoreline areas

‘Wailoa River

shoaling
Radio Bay

Reed's .Bay

. High risk
-, Very high risk

" No critical habitat
‘in harbor, seasonal

migration of fshore

No critical habitat

in harbor.

No Criticaj habitat
in harbor

possibly foraging.

Two nests in Waiakea
Pond

EIS-6

Plan A

"

No effect

No effect on
existing surf
sites. Adds new
site near Wailuku
River

No effect

No effect

Groins will add
shoreline fishing
site and rocky
habitat

Reduce shoaling

No effect

No effect

No significant
effect

No effect

COMPARISON OF ALTERNATIVE IMPACTS (CONTD)

Plan B

No effect .

No effect on
existing sites

No effect = °

No effect

—gen

No effect

No effect

‘No significant

effect

No effect

in . . LT



TABLE 3.

Resource

Migratory Waterbirds
- Ducks

Estuaries
Waiakea Pond
Wailoa River
Wailuku River

Terrestrial Area

- Marine Resources

- Blonde Reef

'Baﬁfront Beach

Cbconut‘Isléhd
Reef

Fishery Resources

e Nater Quality

Base Condition

Winter population in
Waiakea Pond.

O.Qi acres. of beach

16% coral cover,

- 220 acres

Sand/silt bottom,

“No habitat diversity

- 10% coral cover

Recreational value Tow.
Number of fish species
Tow

Turbidity

High nutrients

High salinity gradient

High turbidity, high

nutrient concentra-

tion

High sedimentation

Pol]uﬁion discharges
terminated.

EIS-7

Plan A

5+ acres additional

.beach created

No effect

COMPARISON OF ALTERNATIVE IMPACTS (CONTD)

Plan B

2 acres rocky inter-

tidal and subtidal
habitat created.

No effect

No long-term effect
1
No effect

Temporary turbiditj
increase during

.construction.

"No effect on sedi-

ment quality, may
reduce sedimenta-
tion rate 1in inner
harbor. w

No lbng—
term effect

No effect

No effect R

No'efféct on ..
- sediment '

quality, may
reduce sedi-

- mentation -

rate in

inner harbor.

No pollution dis-
charges.

No pollut{dh
discharges.



TABLE 3. COMPARISON OF ALTERNATIVE IMPACTS (Contd)

Resource Base Condition Plan A Plan B
Sediment Quality Sediments contami- No change No change

nated with Arsenic,
PCB and Pesticides.

Historic Properties

Hilo Breakwater Hilo Breakwater No effect, adds No effect
eligible for inclu- groins to harbor
sion to National vista
Register of Historic
Places.
Discharge of Fill or Not applicable 16,500 cy of stone 29,000 cy
Dredged Material for the groins and  of rock. for
revetment the revet-
: ment

255,000 cylof sand
for beach replenish-
ment - and surf shoal

4. . AFFECTED ENVIRONMENT.
- 4.1 - PHYSICAL SETTING

1aQ The Hawaiian Islands are centrally located in the North Pacific

'_"Ocean ‘The.eight islands form a 400-mile-long arc at the southeastern end of
'.: "jthe arch1pe1ago and’ constitute 6,500 square miles of land area. The Island of
“*,iHawa11, ‘the ]argest of the Hawaiian Archipelago covers an area of over 4,000

.. square. ‘miles. The island has been forming for the past 800, 000 years through

lf,?fﬂvolcan1c activity, which is st111 taking place.

.‘t,"“bL; The p1ann1ng area is 10cated on the shore of Hilo Bay, on the
.,fw1ndward northeast coast, and fronts the town of Hilo, the island's largest
- city, maJor port. and county seat. The wave climate at the project site is

fexp1a1ned in deta11 in Support1ng Documentat1on - Eng1neer1ng, Investigations
!and Des1gn '

e . - EIS-8
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c. Natural Hazards.

(1) Volcanic Hazards. Hilo is located in a high risk volcanic area
exposed to lava flow threats, earthquakes and subsidence. The risk generally
decreases with distance from the northeast rift zone of Mauna Loa voicano.
During the past 15 years the island of Hawaii has experienced 11 earthquakes
with Richter magnitude ratings of 6 or more. The 1975 earthquake resulted in
an estimated $4 million dollars of damage island wide. Most lava flows from
Mauna Loa have stopped short of the Hilo suburbs including one in 1984.

Public fears of volcanic damages and losses are still significant..

(2) Riverine and Tsunami Flood Hazards. Hilo is subject to riverine
.f1obding principally due to high intensity rainfall and surface runoff in
undefined drainage ways. The flood prone .areas are located within the Alenaio
Stream floodplain, which is a tributary to the Wailoa River. Hilo is also
subject to tsunami flood hazards. The tsunamis of 1946 and 1960 were
particularly -destructive resulting in the loss of 234 lives and about $52-
million in property damage. After the 1960 tsunami, vulnerable waterfront
areas were rezoned to open space, such as the Bayfront and Wailoa River Parks,
and structural design regulations were imposed in order to reduce tsunami '
damages. . The Bayfront Beach area is located within the tsunami flood hazard .
area.

_ d. Estuaries. Reed's Bay, Waiakea Pond, Wailoa River and Wailuku River
are estuaries within the Hilo Bay and Harbor area. Approximately 1000 mgd of
freshwater is discharged into the harbor from the tributaries and springs.
.'The‘estuariéé are_important recreational fishing areas within the bay and are

"._;f.planned for open space. Reed's an, Wailoa River and Waiakea Pond are planned

by the,1oca1‘governmen; for park use, and. the Wailuku River is planned as'a
~ natural wilderness area.

" e. Mater Quality.

(1) Hilo Bay inside the breakwater is classified as an embayment
with Class A ‘waters according to the State of Hawaii water quality standards
of 1979.. 1t is the objective of this class of waters that their use for
recreational purposes and aesthetic enjoyment be protected. There are nine

EIS-9



parameters whose standards are applicable to Hilo Bay. The geometric means of
three parameters did not meet State standards, and three others exceeded the
maximum values specified in the standards during the 1980 study done for the
Corps by M&E Pacific, Inc. (Table 4).

(2) In general, water inside and outside the breakwater 1is
vertically stratified due to the discharge of ground and riverine water into
the -ocean. The salinity gradient inside the harbor is greater than that
outside due to the reduced mixing behind the breakwater. The depth of the
freshwater layer in the bay sometimes reaches 20 feet indicating that although
mixing is occurring between surface.and bottom layers, it is not sufficient to
reduce the salinity gradient. The depth of freshwater on Blonde Reef
sometimes reaches 10 feet inside the breakwater. The primary water column
.'m1x1ng forces are wind and occassional ship traffic. Nutrient concentrations
and suspended solids and turbidity vary with the volume of surface runoff and
groundwater discharge entering the bay. Fecal strep bacteria tend to survive -
longer in. the bay due to the freshwater layer in the bay than other areas in
the State. -Chlorophyll-a concentrations vary with water turbidity, 1ncreas1ng
during periods of low riverine flow and decreasing during periods of high
flow. Nater temperature in the surface layer is warmer than the bottom layer
" due to solar heating, but is colder near the source of groundwater d1scharge

During periods of low freshwater discharge, solar heating can warm the bottom
" layer because the depth of the freshwater layer is reduced.

-

" f. Sedimentation and Sediment Quality. Most of the sediment in Hilo
Bay consists of silty-clays. The low wave energy environment behind the
" breakwater allows much of the water-borne sediment to settie out in the harbor

"-and:on-Blonde Reef where the sediment is smothering and destroying the reef

ecosystem. The rate of sedimentation may be slow based upon the frequency of
maintenance dredging in Hilo Harbor--once every ten years. In 1977, about
54;000 cubic‘yards‘of material was removed from the harbor during the
majntenan¢e cycle and the material was disposed of by ocean dumping at the EPA
approved Hilo ocean disposal site. Historically, about 35,000 tons of silt ¢
per year .were deposited in the bay from the Wailuku River; that quantity may |

be less now than in the past, because a 1881 lava flow covered up erodible

s0ils within the Wailuku River drainage basin and the discharge of 20,000 tons .

of sediment a year from the Wainaku Sugar Mill was terminated in 1976. Based | .

EIS-10



upon sediment analysis by the State Department of Health, Hilo Bay sediments

~are contaminated with arsenic, PCB and chlordane. Arsenic trioxide was
discharged into Waiakea Pond by the Canec Plant during the 1930's to the
1960°'s and served as a wood preservative and termicide. The PCB's probably
orginated from the Shipman Power Plant near the Wailoa River. Chlordane
probably occurs due to agricultural activities and use as a termicide in home
construction in Hilo. -

TABLE 4. COMPARISON OF AMBIENT WATER QUALITY OF
HILO HARBOR WITH WATER QUALITY STANDARDS
(Adapted from M&E Pacific, Inc. 1980)

1
1

% Geometric Mean

P - , _ © Ambient Water Water Quality State Water Quality

_ Quality Storm Period Geometric Maximum

Parameter (Mar-Jun ]980) Mar 18 1980 Mean Value

pH - . 8.12 7 86 * *
Temperature (°C) 23.4 21.6 *k *%
Dissolved Oxygen (mg/1) 7.07 7.61 kokk Lk
Suspended Solids {mg/1) 7.9 - 18.7 25 ‘ 50
Turbidity (NTU) , 1.55 ' - 7.42 1.5 - 5.0
Total Kjeldahl ‘ : : o :
Nitrogen (Ug N/1) 166.3 232.1 200 500

Nitrate + Nitrite : ' o '

.. "Nitrogen (ug N/1) - 19.7 34.9 8.0 35
. Chlorophyll-a (ug/1) 0.79 - - 1.5 8.5
r-Total Phiosphorus (ug/1) 30.0 - 17.8 25.0 75.0

R +5 from 8.1 - -
n Rk - Not more than 1°C from amb1ent conditions
ﬂ__*** Not less than 75% saturation

.. TABLE 5. CONTAMINANT CONCENTRATION IN HILO HARBOR SEDIMENTS

. Total Arsenic concentration, Range from '33-104 ppm -
PCB concentration: a mean value of 200 ppb
| ] Ch]ordane concentration:  a range of values of 2-84 ppb

~Source: State of Hawaii 1978
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Tests of crab and fish tissue indicate that arsenic and PCB are not bioccon-
centrating in the tissue. Fish viscera contained chlordane residue in
concentrations 3-4 times higher than the flesh, where concentrations ranged
from 80-160 ppb.

g. Air Quality. Air quality in Hilo is good, lacking major industrial
emissions. The sulfur dioxide concentration in 1980 was less than 5
micrograms per cubic meter. Volcanic gases, agricultural fires, sugar mills,
aircraft and automotive engines and the power plant are the only major sources
of air pollution in the Hilo area.

h. Noise. Hilo is a quiet urban area with the exception of aircraft
landing and taking off from Hilo Airport. The aircraft landing pattern takes
aircraft over the bayfront area. The Hilo Bayfront in the study area is
'bordered by a two 4-lane wide State Highway (Kalanianaole Avenue), but traffic
‘;iﬁ;QSpal1y light except in the mornings and evenings on weekdays. Noise
levels are believed to be usually less than the sound of surf breaking on the
_beach and rocks.

4.2 SIGNIFICANT RESOURCES. The significant resources identified by Section
12229f Public Law 91-611 (River and harbor Act of 1970) were considered in the
following discussion:

" a. Human Resources and Activities.

T (1) Hilo Community. Hilo is the capital and business center of the

~ _County of Hawaii. The 1980 population of Hilo was 35,269 (State of Hawaii,

| _1982), and: continues to grow at a slow rate in comparison to the Kona

© (western) side of the island. Hilo is considered a mildly depressed area with
. disproportionately higher unemployment than the State and one of the lowest

~ visitor counts jn a State in which tourism is a major industry. Hilo's
princiﬁal industry is sugar production, which has been stable but not
"gfowing.\-The principal employers in Hilo are government, services and

trades. The city of Hilo is situated along the shoreline of Hilo Bay and is a

-
i

B
-la
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fully developed urban area. A University of Hawaii campus 1is located in the
city together with the main county hospital, modern shopping centers and a
variety of other commercial establishments. -Hilo Harbor is the principal
port-of-call and handles most of the cargo, agricultural and petroleum
shipments in the county. ‘

_ (2) Land Use. The Hilo Bay shoreline is developed park open space
as a result of local land use zoning in the tsunami hazard area. The developed
nature of the shoreline and the high urbanized nature of the-area precludes
significant vegetation and - wildlife habitats, except in Waiakea Pond and
Wailuku River. The Hilo Community Development Plan recommendsthe elimination
of Bayfront Highway, widening and realigning Kamehameha . Avenue, and the : ©
restoration of the Black Sand Beach along Hilo Bay. This would provide
park/open space throughout most of the Hilo shoreline.’

- (3). Recreation. Recreation occurs all along the bay shoreline of -

- the study area. Mooheau and Bayfront beach parks extend along the bay -
shoreline. from the Wailuku River to.the Wailoa River. There is both .boat
berthing and open space recreation in Wailoa River Park. -Liliuokalani Gardens
and Coconut Islands provide open.space along the Waiakea Peninsula. Radio Bay
is used for berthing of recreational craft and the Radio Bay Park provides

; additional ‘open space within the harbor area. Hilo Breakwater is a popular
fishing site, despite signs warning fishermen of the hazardous conditions on
‘the breakwater. The breakwater is frequently overtopped during high surf
cpnditibns, and .waves can sweep fishermen from the breakwater. Recreational
“,'fiéhing'is the most significant:retreatiohal-activity in the bay. Fishermen

. yse every location in the bay as a fishing site, including the harbor

 ,\faci1ities;“the-abutments-of the Wailuku River Bridge and the adjacent
fshbfe1ine‘revetment.. Boating and canoeing are also jmportant recreational

" ‘activities. together with wading. Swimming is not a major recreational ‘

}éétivity, possibly due to the hﬁgh1y turbid waters, and the trash in the water
and on the shoreline. Five surf sites jn the bay were identified by Kelly,

°1981.. Few surf sites exist in the Hilo and Puna regions of the Big.Island:

outside of Hilo Harbor. The Kalapana-Pohoiki area is the only other popular -

 surfing area.  Surfing is a popular recreational pastime but surfing

" opportunities are Timited on the Big Island.

EIS-13



(4) Historic Resources. The Hilo Iron Works and the Wailoa River
bridge are the closest structures to the study area which have been declared
eligible for the National Register of Historic Places. Neither are in the
project area. Research by the Corps'’ archaeclogical technician determined
that there are no historic resources at Bayfront Beach.

b. Natural Resources

(1) - Marine Resources. The two important marine areas within the
bay are the areas with the greatest coral cover, Blonde Reef (16% coral cover)
_and.Coconut Island (10% coral cover). Both the live and dead coral mass on
glonde Reef and at Coconut Island provide habitat for a variety-of reef fish
. important to recreational fishing in the bay. Commercial fishing in the bay
has declined, but the sale of the catch occurs at Suisan Harbor. and fish
market at the mouth of the Wailoa River. Fishermen suggest that fish stocks
are declining due to over-exploitation, sedimentation. and chemical poilution.
However, exact factors affecting fish abundance have not been determined,
aithough, high water turbidity reduces spear fishing success and sedimentation
can bury fish shelter and food resources reducing the amount of nearshore fish
habitat. MNehu {tuna fishing bait fish) resources have declined and are
insufficient to support a fishing fleet. Presently, principal nehu catch
areas are located within the commercial port.

(2) Migratory waterbﬁrds. During the winter season, migratory
“ducks are freguently seen in Waiakea Pond, but not along the Bayfront Beach.

(3) Endangered Species. The endangered humpback whale seasonally
- migrates through waters outside of Hilo Harbor. The whales begin to appear .in
Nbvgmher-and leave the islands by the end of June. The greatest number of

- . whéies in the islands appear during February and March. The National Marine

Fisheries'ServiCe indicates that no whales have been sighted inside Hilo .

. Harbor; although there have been consistant sightings in Hilo Bay. Data .
indicate that the whales concentrate at Upolu Point in northern Hawaii, and
suggest that the Hilo Harbor area is not a major calving, nursing and breeding
area in the Hawaiian Islands. The endangered hawksbill turtle and the.
threatened green sea turtles have been observed in Hilo Harbor, but no nesting
grounds exist in the harbor and no seasonal aggregations in the harbor have .
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been reported. The turtles are also reported by the US National Marine
Fisheries to forage along the entire coastline from Hilo to Kalapana.

5. ENVIRONMENTAL EFFECTS.

5.1 PHYSICAL EFFECTS

a. The proposed project will not affect the wave climate or current
patterns.near the project site or elsewhere in Hilo Bay. It will reduce the
shoaling at the mouth of the wa11oa River.- - |

b. - If the Hilo Breakwater is modified, the current patterns along the
Bayfront may change slightly, slowing the long- ~shore transport of material’
entering the Bay from the wa11uku River. Th1s situation would “further reduce
the shoaling at the mouth of the Wailoa River. Both of the alternatives '

‘considered in this study would provide the desired protect1on to the Bayfront

area regard1ess of a modification to the H110 Breakwater.

c. -Natural Hazards.

(1) Volcanic Hazards. Neither of thie plans increase volcanic

' hazard risks: g

(2) Tsunam1 and R1ver1ne Flood Hazards. Ne1ther of the p]ans

. sigh1f1cant1y effect r1ver1ne f1ood1ng or tsunami hazards.

- dl EStuaries}" Ne1ther of the plans’ involve work in the’ wa11uku River,

:'-Na1loa R1ver ‘or Reed s Bay estuar1es, nor w111 they have any effect on those
":estuar1es. . P : :

e."water'Oua1141.

~ (1) A1l plans involve dredg1ng and a temporary increase in water
turbidity as a result of dredg1ng. The impact js a cumulative impact which
adds' to ‘the stress already created by the influx of sediment from the

” tr1butar1es enter1ng Hilo Bay. Usually the color of the water returns to
nqrma1 within a day after each dredging operation, but transmissiometer and
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visual underwater observations indicate that fine sediments remain in
suspension longer obscur1ng underwater visibility. The duration of dredging
is ‘used as a gross indicator of the extent of turbidity change anticipated.
Neither of the plans affect the amount of sediment carried into the harbors.

(2) Sedimentation and turbidity stress related to dredging is
dependent upon the characteristics of the material being dredged, the type of
dredge used, and the strength of water currents in the area. The material to
be dredged from H110 Bay is expected to consist of sand, with few f1nes,
therefore, sedimentation and turbidity stress are expected to be much less
than from silty material. Use of a suction dredge, c]amshel] or dragline in
comb1nat1on w1th a barge have the potential of increasing suspended sediment
1oad turb1d1ty, and 511tat1on stress because water draining from the dredge
or barge can wash mater1a] back into the water. A suction dredge, piping
material d1rect1y onto land to a ‘settling basin results in less turb1d1ty and
' s11tat1on. Although turb1d1ty can induce stress to photosynthetxc organisms,
the effect is temporary as water clarity will return to ambient levels after
termination of dredg1ng. The period of stress may be long, depending upon the
Tength of time required to complete the dredging, and can be aggrevated by
_rainfall induced turbidity. Periodic rainstorms impart similar sediment
stress to H11o Bay because large amounts of sediments can be discharged from
the r1vers and streams entering the bay.

(3) Replenishment of the beach using the offshore sand source and
. p1p1ng the sand directly onto the beach will result in significant increased
f'turb1d1ty Since the offshore sand source ‘contains finer grained and more
g poorly sorted sand than the native beach sand, it is estimated that-up to 50%

.'“1 or. 125 ,000 cy of the rep1en1shment sand could be washed back into the bay.

. “Although the water may be highly turbid during construction, no Tong-term
' -adverse biological impacts are expected due to the depauperate nature of the
biota in that portion of Hilo Bay. The sediments being washed into the bay
'will be the same as those presently there, and the volume will be less than

odeurs natural]y from heavy storm runoff.

f. Sedimentation and Sediment Qua1ity. Neither of the plans will
-effect the rate of sedimentation nor the quality of the sediment in Hilo Bay.

E1S-16



g. Air Quality. Neither of the plans will have a long-term effect on
air quality, however, if dry sand is used the dumping_and spreading of sand
for beach replenishment may create temporary dust clouds. In addition, there
will be an increase in vehicle exhaust emissions from the construction

equipment.

h. Noise Quality. Neither of the plans will have a long-term effect on
noise. There will be a temporary increase during the construction phase of
~ both plans due to the operation of: heavy equipment.

5.2 SIGNIFICANT RESOURCES

.a. Human Resources and Activities

{1) - Hilo Community. 'Modification of the Bayfront Beach area will
have no immediate direct effect on-Hilo; however, when the expected water
qgality improvements are realized, there will likely be a positive effect on
tourism.

(2) Land Use. No significant impacts.on land use.are expected as a
result of this project. No residences, farms or businesses will be affected,
~and the project will not cause a significant change in property values or
taxes. . As use of the new beach proposed in Plan A increases, "increased parking
spaces willlbe required, '

- (3) . Recreation.. Plan A will significantly improve the recreational
dppprtunitieS'for Hilo residents -and visitors. “Approximately 5 acres of new
beach will be created‘qnd the rock. groins will provide more fishing -sites for
" recreational fishermen. In. addition, surfing opportunities will be created. .-
“Plan B will not add to recreational opportunities, and will have no effect on
existing facilities or activities. . -

(4) Historic Resources. There are no historic resources in the

project area. The rock groins and jetty which are part of Plan A may have a
- minimal impact on the view plain of the Hilo Bay from some locations.
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b. HNatural Resources
(1) Marine Resources.

(a) Dredging sand in Hilo Bay will eliminate resident benthic
‘infauna within the dredged areas and will temporarily increase siltation and
turbidity stress in adjacent areas. Rapid recolonization of dredged and
stressed areas is anticipated because of the homogeniety of the habitat and
the relatively high mobility and tolerance of the fauna to sediment compared

to reef organisms.

(b) During dredging, an artificial feeding situation will develop
as predatory fish will exploit food resources displaced, exposed, or. stirred
'up by the dredging activities. This fish concentrating effect may attract
.fishermen to the area.. }

. {(2) Mignatory Waterbirds. - Neither of the plans will effect Na1akea
Pond where migratory ducks have been observed. R

+ + .(3) Endangered Species.
g "(e). Endangered.Humpback whale. None of the plans will affect the’
migratofy-routejof the humpback whale, or any critical whale calving, nursing

.or breeding areas in Hawaii.

(b) Endangered hawksbill turtle and threatened green sea turtle.

”zNe1ther of “the p1ans would affect turtle nesting areas or areas of turtle .

"?aggregat1ons in Hawaii. The p]ans would not eliminate forag1ng areas a1ong -

7-“f'?ffthe coast outs1de of HT]O Harbor, nor within Hilo Bay.

'"(c) Endangered Hawaiian Coot. Neither of the plans involves

";f7m0d1f1cat1on of Wa1akea Pond where the endangered Hawaiian Coot was reported

é‘-nestlng
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5.3 ADVERSE EFFECTS THAT CANNOT BE AVOIDED
"a. There are no significant 10ng-tefm adverse effects from the project.

b. Construction activities, including dredging or sand pumping will
cause a significant increase in turbidity and sedimentation, increased noise
and increased air pollution from dust and equipment exhaust.

¢. The sand dredging will kill the resident infauna from the sand site;
however, recolonization is expected to be rapid.

5.4 MEANS-TO MITIGATE ADVERSE ENVIRONMENTAL EFFECTS
. . , . . ) oo . - - o Lo

a. Hawaii State Regulations pertaining to construction activities will’
be followed to m1t1gate noise, air and water po]]ut1on eros1on and other
env1ronmenta1 effects. )

b. Silt retention devises will be used where practical.
6.  PUBLIC INVOLVEMENT

'_6 1 PUBLIC ‘INVOLVEMENT PROGRAM. - The public involvement program has cohsiete&
of meetings and workshops with the public at large, meet1ngs and workshops .
with members of the Federal, State, and County agencies, and the distribution
of various reports and documents resulting from studies conducted under the

" Hilo Area Comprehens1ve Study to'the pub11c and agenc1es concerned with the

‘ proqress of the study. 1In tota] 10 public meetings were held 1nc1ud1ng the ‘T
1n1t1a1 ‘pubtic meet1ng in 1976 and eight technical studles have been re1eased“

‘to the pub11c Tsunam1 hazards were the most frequent concern expressed by

Tihthe publlc -and the agenc1es, and beach restoration of the Bayfront beach was
‘the most frequent]y ment1oned recreational need.

5.2 REQUIRED:COORDINATIONI'-The'fo11dwing coordination Has been completed

" with the following agencies:
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a. Coastal Zone Management Act. A Federal Consistency determination
has been prepared by the Corps and concurrence received from the State of
Hawaii, Department of Planning and Economic Development, Coastal Zone

Management Office (Appendix C).

'b. State and County Approvals. The State of Hawaii, Department of Land
and Natural Resources, is responsible for obtaining all necessary 1oca1
permits and approvals and satisfying the requirements of Chapter 343, Hawaii
Revised Statues and EIS Regulations. '

c. Clean Water Act. A copy of the EIS and the Section 404(b)(1) and

Water Quality Evaluation (Appendix A) was sent to the Hawaii State,,Department
of Health for review and comment.on 1 March 1984. No comments have been received

- as of 24 ﬂay }984._

4. "Fish and Wildlife Coordination Act. The final US Fish and Wildlife

" Service Coordination Act report for this project dated December 1983 is

_'inc1uded as a‘parpiof Appendix D. The comments of the National Marine
" Fisheries Service are also included in Appendix D.

| e, Endangered Species Act. The comments of both the US Fish and
- Wildlife.Service.and the National Marine Fisheries Serv1ce on endangered

"f;fspeCTes are Tnciuded in Appende D.
| | i

. f Nat10na1 HistorTc PreservatTOn Act. A reconnaissance of the project

';'f?STte by the Corps archae010g1ca1 technTCTan did not reveal the presence of
'ﬂwh15t0r1c resources. The nearest known sites eligible to or listed on the
‘%jNatTonal RegTster of HTstor1c Piaces are located well outside the proaect area

'The State Historic PreservatTon Officer and the US Advisory Coucil on HTstorTc
"“PreservatTOn were so]1c1ted for review and they provided no comments.

63 STATEMENT RECIPIENTS. The following agencies and public-at-large were

g :.sent copTes of ‘the draft and final environmental statement and survey report.

- Federai Government

US Advisory Counc11 on Historic Preservation
Washington DC Office
Western Project Review Office
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Federal Government (Cont)

State

US Environmental Protection Agency
0ffice of Environmental Review
Region IX
pacific Islands Office

uS Army Corps of Engineers :
Coastal Engineering Research Center

US Department of Agriculture :

Institute of Pacific Islands Forestry
Soil Conservation Service . - .
Hawaii District Office
US Department of Energy
US Department of Commerce
Secretary of Environmental Affairs
National Marine Fisheries Service
Southwest Region Office
Pacific Program Office. . o
office of Coastal Zone Management
National Weather Service, pacific Region.
US Department of the Interior
Office of Environmental Review
US Geological Survey, Hawaii Volcano Observatory
Secretary Field Representative,‘Pacific‘Southwest Region
US.Fish and Wildl1ife Service ' ' e
Regional Office
pacific Islands Office
Endangered Species Coordinator
National Park Service . . S
office of Archaeological and Historic Preservation .
Interagency Archaeo1ogica1;5ervice S ‘ e
Arizona Archaeological Center. B A
pacific Southwest Region Office
Hawaii State Office A .
US Department of Housing and Urban Development - no comment .
US Department of Health, Education and Welfare S
US Department of Transportation
. Federal Highway Administrati
14th Coast Guard District
Cape Small, Hilo
~ Federal Maritime Commission

on - no-comment .-

Government

Goverhor George R. Ariyoshi.

‘Hawaii Congressional Delegation- -

'Department of Pianning and Economic Development - C]éaringhOuse

Department of Health ‘ )
" office of Environmental Quality Control . .
International Tsunami Information Center Lo

. Department of Land and Natural Resources -

State Historic preservation Officer -
Division of State Parks

Division of Fish and Game - -

Forestry and Wildlife Division

Land Management Division
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State Government (Cont)

Water and Land Development Division
Conservation and Resources Enforcement Division
Hawaii District and Agent
Board of Land and Natural Resources
Marine Affairs Coordinator
Department of Transportation
Highways Division
Harbors Division
Department of Accounting and General Services
Attorney General :
State Department of Agriculture
Board of Agriculture .
Public Utilities Commission
Hawaii State Library
Hawaii Island Branches
Department of Hawaiian Home Lands
Keaukaha School L
University of Hawaii :
Water Resources Research Center
Library '
Environmental Center
. -Hawaii.Institute of Marine Biology
Seagrant/Marine Advisory Program, Kona and Hilo Offices

County Government

Mayor Herbert T. Matayoshi

Hawaii -County .Council

Hawaii Legislative Delegation

Department of Parks and Recreation

Department of Planning

Planning Commission

Department: of Public Works'

Department of Research and Development
. Department of Water Supply

County Fire Department

Department of Civil Defense

.. /.Organizations

‘Big Island Resource Conservation and Development Council
Big Island Casting Club o
Association of Hawaiian Civic Clubs
Big Island Fish and Game Association
Conservation Council for Hawaii

_ Hawaii Island Chapter
Hale Consultants, Inc.

. Hawaii Audobon Society .
Hawaii Community College Library

-Hawaii Electric Light Co.
Hawaii Island Board of Realtors

‘Hawaii Island Chamber of Commerce

~ Hawaii Tribune Herald

Hawaiian Civic Club
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Orgonizations (Cont)

Hawaii Leeward Planning Conference

Hilo Transportation and Terminal Co., Inc.
Hilo Trolling Club '

Hawaiian Paradise Park Corp.

Hilo Saitling Club

Life of the Land

Kalapana Community Association

Hilo Downtown Improvement Association
Kailua Trolling Club

Kawaihae Trolling Club

Japanese Chamber of Commerce and Industry of .Hawaii
Kona Mauka Troller, Inc.
"Kona Yacht Club ™ =

Mark's Boat Works

North Hilo Community Counc11

Moku Loa Sierra Club Group

Matson Navigation Co. o

Puna Community Council

Suisan Co.

Save Our Surf - = .

Young Brothers Inc. |
“Wester Division Project Rev1ew, Lake P1aza South

Individuals

“Mr,- Alika .Cooper
‘Mr. Dan Pakele
-'Mr. Dave Soderland
Mr. Edward Bumatay
Mr. Herbert Mann
Ms. Lei Keliipio
Mr. Paul Friesema
6.4 PUBLIC VIEWS AND COMMENTS Letters of comment were received from
- Federal, State and local government agenc1es and private organizations and
,_ﬁndividuals. The letters frequent]y commented on ail phases'of the Hilo
Compreﬁensiue Study, ‘however, only comments specifically’ address1ng or
_ otherwise app11cab1e to the Bayfront Beach project are responded to in this
:__sect1on.A Letters conta1n1ng "No Comments" or statements of support are not _'
1nc1uded and some of the comments, a1ong w1th ‘the’ Corps responses, are '

reproduced in. Append1x E.

a. FederalwAgencies o
(1) Us Env1ronmenta1 Protect1on Agency

:'Conment. Appropr1ate procedures must be fo110wed 1f dredged .
material is proposed for ocean d1sposa1 at the EPA approved disposal site.
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Response: Ocean disposal is not planned at this time. If ocean
disposal is proposed, appropriate regulations will be follcwed.

Comment: The FEIS should discuss whether the sand trap would be
likely to collect sediments contaminated with arsenic, PCB's and chlordane
such as those of Hilo Bay. ‘

Response: The sand trap (groin) would trap the sand used for beach
replenishment and that transported easterly along shore from the Wailuku
River. These sand sized particles will contain significantly lower quant1t1es
of contaminants than do the silty sediments in Hilo Harbor.

(2) Federal Highway Administration,

_ Comment: We suggest the final EIS include the fact that the Hilo
Ironwdrks and Wailoa River Bridge have been determined eligible for the
National Register of Historic Places.

Response: Neither of these sites is within the study area, but
their eligibility for the National Register has been indicated in Section 4.2a.

b.  Hawaii State Agencies '

- _V(J)__Department of Land and Natura] Resources.

Comment' The Bayfront Beach project shou]d take 1nto account the
a]tered current patterns caused by modification of the Hilo Breakwater.

_ Response' The computer model study described in the Survey Report
showed no effects on the Bayfront Beach from alteration of the. breakwater.

'j*"t'The de51gn of the project is adequate for a condition without the breakwater. '

*::.(2)‘ Department‘of'P1anning and Economic Development.

" Comment: The EIS should assess the beach protection project in
- terms of changes which may occur as a result of the breakwater modification.

EIS-24



Response: The computer model study described in the Survey Report
showed no effects on the Bayfront Beach from alteration of the Breakwater.
The design of the project is adequate for a condition without the project.

(3) Department of Transportation.

Comment: A major concern is the recurring shoaling at the mouth of
the Wailoa River, and the possibility that modification of the breakwater will

increase erosion along Bayfront Highway.

Response: . The preferred alternative for the Hilo Bayfront Beach
project includes 'a jetty groin at the mouth of ‘the Wailoa River to control
shoaling, and the computer mode]lstudy discussed in the Bayfront Beach report
does not show a significant change in wave energy before and after breakwater
mod1f1cat1on.

-Comment: The DEIS refers to the State Land Use Plan. it should be
titled State Land Use Law.

Requnse:S"The title has been corrected in the final EIS.
c. Hawaii County Agencies
.- (1) :Departmenbt of Parks and Recreation.

ot

: COmment:“Ne are,concefned-about the groins. As natural a setting

" : ‘as'possible should be maintained‘.

}

- R Response‘ The groins proposed are necessary.to slow beach erosion.
_'ZThey w111 be low in prof11e so that when filled w1th sand they will be barely
~”v151b1e. -

d. Private Organizations.
(1) - Hawaii Island-Contractors Association.
Comment: The Wailoa River-shoaling problem needs your immediate

.attention and action.
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Response: The Bayfront Beach plan includes construction of 3 jetty
groin to prevent shoaling of the Wailoa River.

e. Individuals.
(1) Mr. Lance Foreman:

Comment: Groins should not be constructed until after the
breakwater has been modified, so that the new conditions can bhe studied.

Response: The detailed design of the beach will be accomplished
after. the model studies have been completed and will consider the effects.
caused by the modifications.

Comment: The EIS should discuss vegetative stabi1ization for the
Bayfront Beach. - |

1..

Response:s This a1terhative was considered and rejected during the.
course of plamning because vegetative barriers are not capable of protecting
the shore from the over-topping waves that occur along the bayfront.

(2) Mr. Jim Patterson:

_ Comment: An artificial surfing shoal would be a waste of time and
‘ 7money as there always exists in that area a natural shoal caused by the

' _Na11uku River,, which breaks on a northerly swell and creates some of the best
waves on the Big Island. :

_ Resbonse The shoal will not affect the existing surf1ng, but will
”-cause sma11er waves to peel and break ' :

Comment: Bayfront Bgach is not eroding; it is increasing in size.
Response: According to State surveys predating the 1900's the
shoreline has eroded more than 50 feet. Sand js accreting at the present

_time,.and this is a positive sign; however, during winter storms, much of the
sand is lost or moves down to block the Wailoa River.
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7. List of Preparers

The following peoplie were primarily responsible for preparing this
Environmental Impact Statement:

Name © Expertise ' Experience : Professional Discipline
Dr. James E. Mafagos' Marine Ecblogy' Bs; Zob]ogy; PhD, Review, overall
Oceanography; 2 yrs impact
coe S postdoctoral research; assessment. (NEPA-
ST - B yrs environmental  Coordinator) =

consultant; 9 yrs-
EIS studies, Corps
of Engineers.

Mr. William:B, Lennan Biology - - BA, Zoology; 2 yrs. - (Overall impact - =
postgraduate studies, -assessment.
University of Hawaii;
.-3 yrs fishery biologist,
USFWS 2 yrs environmental
R ~biologist Corps of

RIS R IERC IR ." - Engineers.
‘Mr. David G. qu _ History and BA, MA Geography; - Cultural and )
. -+ % Culture - 6 yrs-research; 9 yrs historical impact
EIS studies; Corps of  assessment. -
L _ Engineers. o
‘Mr. David'W. Cox '~  Archaeology®  BA, Anthropology; - Archaeological/
' L 2 yrs postgraduate historic sites

studies; w/diploma in - reconnaissance
cultural resources and impact

' S e e management, EWC; 1 yr  assessment; -
Biooie a0 EIS studies,. Corps- - - '
_ ‘ of Engineers.
Mr.-John I. Ford . Limnology - BS MS Zoology; 4 yrs ' Fish and Wildlife .
e om0 1S studies, Corps of  assessment. :
Engineers; 2 yrs, fish- oo
ery biologist, USFWS

A -,
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A.  DISCHARGE OF DREDGED OR FILL MATERIAL, BAYFRONT IMPROVEMENTS, SECTION
404 (b)Y (), FACTUAL DETERMINATION.

1. Special Aquatic Areas.

Sanctuaries and Refuges: None.

Wetlands: None.

Vegetated Shallows: None.

Mudflat: None.
Coral Reefs: None.

Riffle and Pool Complex: None.

2. Human Use Characterization.

Municipal Water Supply: Not applicable.

Recreational and Commercial Fisheries: Hi1o.Bay supports a large
recreational shoreline fishery, and fishing sites are located all along the
bay shoreline. Fishing within the discharge area occurs from the existing
revetment and from the beach shoreline. Recreational boaters possibly troll
in the discharge areas. Common reef and nearshore coastal {neritic) fish are
caught in the bay (see Attachment 1 for fish species list). -The productivity
of the bay fisheny has not been measured, however, it supports an estimated
2,100 local recreational shoreline fishermen, based oﬁ-a'1972 survey (Hoffman
- and Yamauchi in Cheney, 1877). The State Division of Fish and Game indicated
that 456 two-year permits for night fishing in the bay were issued between May
1975,and.May 1976. - Commercial fishing in Hilo Bay is no longer a significant
-industry. -Effect: “While the discharges will eliminate some water area in the
i bay, the groins will provide new recreational fishing sites in the bay. The
L discharge of the rock used in construction will provide'intertidél and
subtidal habitat for fish and invertebrates, and should improve fishing in the
area. ‘

Water Related Recreation: Surfing, wading, swimming, canoeing and bqétjng

 are significant recreational activities in Hilo Bay. Bayfront Beach Park is y

the focal point for Hilo area canoeing activities, and the beach also provides
some sunbathing, picnicking and wading. Effect:
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Base Condition Pian A Plan B

Boating Groins will remove a small amount of open No effect
’ water from boating use, and create new
navigational features in the bay. It will
require canoes to paddle further offshore.

Wading, Swimming The groins will have a visual impact on No effect
and Open Space former open view planes and the new beach
' will add a significant area for wading
and swimming.

Surfing Construction of a surfing shoal will add a
surf site to the bay.

Aesthetics: Hilo Bay's vista is dominated by the breakwater. Etffect:
The discharge will create new visual elements in Hilo Bay.

Plan A - Adds new groins to the Bayfront Beach.
Plan B - No effect.

National Mcnuments: None.

National Seashores: None.

National Wilderness Areas: None.
Research Sites: None.

. National Historic Sties: Hilo Breakwater is eligible for inclusion on the
Natjona] Register of Historic Places, based on its role in the development of

.~ Hilo port.. The breakwater is also associated with events that facilitated the

‘expansion of the railroad and port facilities in the Hilo area, the
reestablishment ‘of Hilo as the hub of transportation on the island of Hawaii,
;nd,the‘growth of Hilo.

Base Condition . : Plan A Plan B
"HTstofica]'significance No effect ~ No effect
-Vjsga1,and'physica1 appearance No significant effect No effect
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3. Physical Substrate Determination.

Size Gradation and Coarseness: In general, the beach and offshore area
are composéd of fine to coarse black sand and silts, the deposits of sediment
from the flow of the Wailuku River and from currents along the northwestern
portion of Hilo Bay. The sand is largely of basalt origin. Sand thickness
varies from 2 to 40 feet. Larger percentages of siit, lava basalt, and debris
cover the sand offshore. Seaward of the 6-foot contour, the bottom is
essentially mud with some fine sand. ' '

- Compaction: Not applicable. The discharge involves replenishment of a
beach and the construction of groins with the rockfill protected by armor
stone, or a rock revetment to protect the shore,

Bottom Elevation/Contour: See table below

Base Condition Plan A Pian B
Water depths at the discharge ‘ ' ’ ; .
site 0 to -10" MLLW ‘0 to -1' MW
Surf shoal -4 to -8 :
, - MLLW -
Condition after the 0 to +10' MLLW
Discharge - ] Surf shoal -0.5
: : to ~-3.5 MLLW

Material Movement: .The Bayfront Beach area is presently eroding. The
sand has receded on the west end and accreted on the east end. Due to the .
Hilo Breakwater, only northly waves and diffracted trade wind waves can now
reach,the shore, resulting in a one-way longshore transport of littoral

:materiai toward the east. The amount of material available for transport is
primarily governed by the sediment discharged from the Wailuku River. The net

Jongshore transport rate was recently measured as approximately 5-6 cubic
yards per day, moving toward the Wailoa River.

Deposition: Sand is accretingat the mouth of the Wailua River and
westward for approximately 1,800 feet. o '

A-3
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4. MWater Quality, Circulation, Fluctuation and Salinity Determination:

Current Velocity, Direction and Pattern: Presently a predominant surface
outflow occurs in Hilo Harbor along the breakwater due to the discharge of
groundwater and riverine water into the bay. Studies indicate that current
velocity varies between 0.03 and 0.19 knots. Ocean water lies beneath the
. surface freshwater layer, and its movement is tidal, with no set current

direction., Effect: Neither plan is expected to change the general current

pattern in Hilo Harbor, or the bay.

Downstream Flow: Not applicable.

Normal Water Filuctuations: No estuarine tidal lags are evident in Hilo
Bay and the discharges are not expected to interfere with normal tidal
fluctuations.,

Salinity Gradient/Stratification: A salinity gradient is measurable in
Hilo Harbor to a depth of 20 feet at the mouth of the harbor and 10 feet over
Blonde Reef. The gradient is related to the amount of groundwater and
riverine water discharged into the bay and the percent of freshwater in the
surface layer can vary between 25 percent in the dry season to 75 percent
following a storm event. Salinity measurements in the bay vary from
32-34 parts per thousand in the bottom layer and 11-30 parts per thousand in
the surface layer. The formation of the salinity gradient is partially
attributable to the breakwater which reduces wave energy as a water-column
mixing force in the bay. Mixing is dependent upon wind and tidal forces, and
ship traffic in the bay. Effect: Neither plan is expected to have an effect
on bay salinity.

Potability: Not applicable.

Water Physical Characteristics:  Water Chemical and physical character-
istics in Hilo Bay are dependent upon riverine and groundwater discharges into
the bay. Wastewater discharges into the bay were terminated. Effect: See
Tab]e A-] -
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TABLE A-1. DISCHARGE EFFECTS ON WATER CHARACTERISTICS

gase Conditions (Mean Values)

Surface Bottom Plan A Plan B
pH 7.60-8.32 8.04-8.36 No effect No effect
Tem'(°C) 19.7-24.9 23.4-25.2 No effect No effect
Dissolved oxygen

(mg/1) 7.59-9.71 4,64-8.00 No effect No effect
Total nitrogen '

(ug/1) 172-403 28.4-90.4 No effect No effect
Total phosphorus

(ug/1) 13.9-53.5 17.8-60.2 No effect No effect

Source: ME Pacific, 1980.

_ pathogens/Biological Content: Fecal coliform mean concentrations (number
per 100 m1} ranged from 10 to 239 and fecal strep mean concentrations ranged
from 62 to 1480. The source of the fecal bacteria was the viverine and storm
drainage'discharges into Hilo Bay. Effect: Neither plan will affect the -
amount of storm drainage water entering the bay.

Eutrophication: Not applicable.

5. Suspended Particu1ate'and Tunbidity Determination.

Turbidity: The waters in Hilo Bay are highly turbid due to the discharge
of suspended material from Wailoa River and other drainage ways into the bay.
vTurbidity usually increases with the volume of water discharged into the bay.
Ship'traffic and periodic maintenance dredging (once every 10 years) also
cbntrihnte to normal turbidity levels in the bay. During‘the dry season,
turbidity is considerably lower than the wet season. High chlorophyll-a and
zooplanktnn concentrations are principal turbidity causing material during the

v
.

dry season compared with inorganic sediment during the wet season (Table A-2).
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Turbidity (NTU, mean values)

Surface
Bottom

Total Suspended Molds
(mg/1, mean values)

Sdrface
Bottom

Source: MRE Pacific, 1980.

TABLE A-2

Storm Wet Season
7.82-22.3 2.92-7.52
4.9-7.65 3.65-9.15
9030-75.4 6.43-]7.3
16.1-44.5 7.40-28.6

Dry Season

No data
Available

Effect: The discharge of rock to construct the groins in Plan A is not
- expected to result in a significant increase in turbidity. The discharge of
sand for beach replenishment will result in a temporary increase in turbidity.
Construction of the surf shoal will not effect turbidity if the sand or cement

'15 contained in Longard Tubes.

6.‘ Contaminant Determination.

Initial Evaluation:

a. The material proposed for
discharge:
b. Source site:

c. Contam1nants can flow into
extraction site:

d. The material proposed for
discharge was previously
tested

e. Can pesticides enter the
extraction site

f. Spills or disposal of
contaminants have been
documented in the past

9. Natural deposits of minerals No

or other substances

Plan A

Basalt rock and
sand

Quarry and offshore
sand deposit

No

No

No

Yes. Sediments in
Hilo Bay are known
to be contaminated
with arsenic, PCBs
and chlordane

harmful to man are present

at the extraction site

Plan B

Basalt rock
Quarry

No

No

No

Yes. Sediments in
Hilo Bay are known
to be contaminated
with arsenic, PCBs
and chlordane

No



The sediments in Hilo Harbor are contaminated with chlordane, PCB and arsenic
based on analysis by the State Department of Health,. '

Findings:

a. The material proposed for discharge in Plans A and B consist of
uncontaminated basalt stone and dredged material (sand). The dredged material
is contaminated at a low level with arsenic.

b. The material classification for the basalt stone is Category 5 -
Discharge without potential for environmental contamination. The material
classification for the dredged material is Category 2, Open water discharge
with level of contamination similar to the discharge site.

kList of Contaminants to be Further Evaluated: None.

Zone of Mixing: Not applicable. The dredged material will be used for
" construction purposes.

_7. Aquatic Ecosystem and Organisms Determination.

Fishery resources which support a recreational shoreline fishery are
identified in Attachment 1. Corals are not present.

Rare/Threatened and Endangered Species: The threatened green sea turtle
- and theléndangeredlhawksbil1 turtle have been seen near the breakwater and may
~ enter the harbor. No nesting areas are found within the harbor or along the
" bayfront. Effect: No effect.

Aquatic Ecosystem Dependency: Fishery resource dependency on Blonde Reef
is unknown, howevér, fish surveys indicate that the most fish species and the
' greatesi number of fish were found on Blonde Reef in comparison to other areas
in Hilo Bay. Effect: Both plans would add rocky habitat te the present.
bayfront depauperate sandy/silty substrate; fish populations in the area
should increase. Neither plan would effect Bionde Reef.




Determination: The discharge of armor units into the harbor under Plans A
and g do not significantly degrade water quality or human uses of the water.
The basalt .rock is not expected to contain contaminants, cause prolonged water
turbidity problems and will not significantly degrade the aquatic ecosystem.
The dredged material, although containing some with arsenic, is not expected

to be a hazard to humans or other organisms.

Material Proposed for Discharge:

Plan A
Basalt rock 16,500 cy
sand (beach replenishment) 250,000 cy
Sand (surf shoal) 5,000 cy

. Sand (in Longard tubes) 1,200 cy

Plan 8
29,000 cy
None
None

None



ATTACHMENT 1

CHECK LIST OF FISH AND SHELLFISH TAKEN
BY FISHERMEN WITHIN THE HILO BAY SURVEY AREA
rom Sunn, Low, lom ara, lInc. '

SCIENTIFIC NAME

LOCAL/COMMON NAME LOCATION BY REGION.

A-S

Aholehole Kuhlia sandvicensis .5,6,7,9,11,12,14,16,17
Aku Katsuwonus pelamis 3
Akule (Aji)/Hahalalu Trachurops crumenophthalmus 1,6,9;11,14
Amaama (mullet) Mugil cephalus 5,6,7,8,9,13,15
Awa (milkfish) Chanos chanos 1,7
Aweoweo Priacanthidae 16
Ehu (red snapper) Etelis marshi 4
Hihimanu (ray) Dasyatidae 11,14
Hina1éa (wrasse) Labridae 9,16

" Humuhumu Balistidae 16,17
Kaku (barracuda) Sphyraena barracuda 1

. Kawakawa Euthynnus yaito 14
Kumu Parupéneus porphyreus 1,4,]1,14,15,16
Kupipi Abudefduf sordidus 9,11,16,17
Lae Scomberoides sancti-petri 9

‘Maiko Acanthurus nigroris N 16,17
Manini Acanthur9§‘$andvicensfs 11,14,16,17
Mano {tiger shark) Galeocerdo cuvieri 1
Mano kihikihi sphyrna lewini 1,2,11,14,16,17

-(hammerhead shark) R ’ .

Maomao Abudefduf abdominalis 15,17

' Ménﬁachi Myripristis spp. 16
Moano Parupeneus multifasciatus . 1,14,16,17

 Moi/moi-Tii Polydactylus sexfilis 3,4,5,6,7,14

Nehu Stolephorus purpureus 1,2,11,13,14



LOCAL /COMMON NAME

ATTACHMENT 1 (Cont)

SCIENTIFIC NAME

LOCATION BY REGION

Nenue

Oio

Omak a

Oopuhue {balloon fish)
Opakapaka

Opelu

Pakii (flatfish)
Palani

Piha

Pualu

Puhi (moray eel)

Puhi (tohe--conger eel)
Taape ' .
Toau

“Ulua/Papio

. Upapalu (cardinal fish)

" Weke/Oama

Tilapia

Oopu. (goby)

Crab - Kﬁaﬁono

~ Crab - Samoan

Opae (glass shrimp)
Ula |

Tako (octopus)

* Opihi

Kyphosus cinerascens
Albula vulpes

Caranx mate

Arothron hispidus‘
Pristipomoides microlepis
Decapterus pinnulatus
Bothus spp.

Acanthurus dussumieri
Spratelloides delicatulus
Acanthurus xanthopterus
Muraenidae

Conger marginatus
Lutjanus kasmira
Lutjanus vaigiensis

Carangidae

Apogon snyderi
Mulloidichthys samoensis
Tilapia spp.

Gobidae

Portunus sanguinolentus

Scylla serrata '

‘Palaemon debilis

VPahulirus spp.

Octopoda

Cellana spp.

A-10

14
1,5,6,9

o 5

15
9,12,13,16,17
16

)

14

14

1,2

1

1,3,4,5,6,7,9,11,14,15,
16,17

15
1;11,12,13,15

10

5
3,4,6,7,15
3,4
7,8,10,15
3,4,16,17
4,16,17
4,16,17
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UNITED STATES ENVIRONMENTAL "ROTECTION AGENCY

DATE:

susjecT: Dredging in Hilo Bay for Black Sand Beach Replenishment

FROM: Gregory Baker é@,—'

Technical Support Branch, EPA, Region 9

"T0: Art Cropper
Honolulu District, Corps of Engineers

This memo is a follow-up of our phone conwversations on 15 March
1982.

The primary question: is whether further testing is required
for the above referenced dredging and disposal operation,
based on testing results obtained from-a previous dredging
project in Hilo Bay. Testing has indicated a presense of
arsenic in the material at concentrations greater than back-
ground levels. ' "

Tests that have been performed:

Bulk Sediment Analysis (BSA) at extraction site
Results: < . -
96 micrograms / gram total arsenic .

Recommended further testing:
Particle size analyses of extraction site and disposal site.

Discussion:
We do not recommend further testing for arsenic on the basis
of results from:a previous dredging project in Hilo Bay.
. You have stated that those results showed:

BSA: 133 micrograms / gram

e : - E.E. Toxicity Test: 10 micrograms / liter

According to the 1976 EPA publication entitled, Qualit
Criteria for Water, the domestic water supply criterion
for arsenic is 50 micrograms / liter. 'Under EPA's Notice
of Water Quality Criteria Documents (Federal Register/
Vol. 45, No. 231/Friday, November 28, 1980), arsenic is
listed as having acute toxicity on saltwater gaquatic life
at concentrations as low as 508 micrograms/liter. ‘

Although the EP Toxicity test is designed for land disposal
of hazardous wastes rather than aguatic disposal of dredged
material, it is clear that the EP Toxicity result. (10 mi-
crograms/liter) is not only below RCRA standards, but also
the water quality criteria for arsenic. Normally, we would
request an elutriate test .using the water of the disposal
site as an extractant ratherii than the mildly acidic solu-

...EPA FORM 1320-8 (REV, 3-76) A-13 -
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tion required by the EP Toxicity test. However, since

a) the BSA for the proposed project showed lower concen=
trations of arsenic than the BSA for the previous project,
. b) an elutriate test with sea water would probably not
extract as much arsenic as the EP 'Toxicity Test, and ¢)
the previous toxicity testing showed a level of arxsenic
below the EPA criteria; an elutriate test of the material
should not be necessary. :

This conclusion is based on the presumption that the particle
size of the material at the proposed extraction site and

the previous extraction site are similar. Furthermore, par-
ticle size of the dredged material should also be compatible
with the particle size at the disposal site prior to authori-
zation. For this reason I have enclosed a copy of a testing
procedure developed in conjunction with the Los Angeles
District of the Corps of Engineers, dealing primarily with
beach nourishment. In addition, I have enclosed a copy of
testing procedures developed by the San Francisco District.
Note that material determined to be 80% sand is typically
exempt from chemical testing under this procedure.

Enclosures
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DEPARTMENT OF THE ARMY
PACIFIC OCEAN DIVISION, CORPS OF ENGINEERS
FT. SHAFTER, HAWAIl 96858

March 1, 1984

Mr. Charles Clark, Director
Department of Health

State of Hawail

1250 Punchbowl Street
Honolulu, Hawaii 96813

Dear Mr. Clark:

As part of the procedure for implementing the Shore Protection of
the Hilo Bayfront Beach, Hilo, Hawaii, the Corps has completed an
environmental impact statement (EIS) which includes a discussion of
the effect of the proposed project improvements on water quality in
accordance with .the Clean Water Act. Enclosed for your review is a
copy of the EIS for the project with an evaluation of the effects of
the discharge of dredged or £ill material into waters of the U.S. under
the Section 404(b) (1) Guidelines promulgated by the U.S. Environmental
Protection Agency. -

At this time, we request your comments on the EIS. We would
- appreciate a response on this matter by March 30, 1984.

Sincerely,

;/ﬁ/»" |
. Fujii '

/‘/ Tafence
Acting Chief, Engineering Division

Enclosure
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1. RECREATIONAL RESOURCES.

a. National Séenic and Wild Rivers. None present. Local land use
planning documents propose the deveiopment of Wailuku River as a natural
wilderness area and the development of Wailoa River and Waiakea Pond as park,

. open space.

b. National Trails. None present.

c. Natural Landmarks. . None present.

d. National Shoreline Parks or Beaches. . None present. Several State and
County parks are present along the shoreline. While public access and use of
the Hilo Breakwater is discouraged due to hazardous conditions, fishermen use
the breakwater as a fishing site.

TABLE B-1. RECREATIONAL RESOURCES

Recreation Site Acres Qwnership . Park Use
Wailuku River Mouth - | Surfing
Mooheau Park - . - ©18.9 | Beach (eroding)
Bayfront Park ‘ 6.8 ‘ Beach (erodihg):
_ - " canoeing, fishing
Wailoa River Park 146.0 - State . -General, boating,
shoaling, river
mouth

leidoka]ani Gardens and

adjacent areas 20.5 ' _A - General
Coconut Islaqd 3.1 ' Géneb?l,.surfing
Banyan Drive Shoreline - o . Scenic
Reeds Bay l | | 15;5 | . o _Beac@ (maanadéf

S : swimming
Baker;s Beach : : Stéte Beach (man-made):
ﬁadio Bay | - | - State . " Boating |
Radio Bﬁy Park . : State -~ - - General
Hilo hreakwatér. ' Federal : Fishing
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e. HWater Contact. Recreation. Principal water contact recreation
activities in Hilo Bay include shoreline fishing, boating, wading and
canoeing. Swimming is seldom observed possibly due to the highly turbid
nearshore waters and concentrated mats of vegetative debris carried into the
bay from the tributary systems. Six surfing sites were identified in Hilo Bay
in the "Hilo Bay - a Chronological Study" in 1981, According to the Hawaii
Chamber of Commerce, 1973, surfing demands have grown sufficiently to warrant
investigations for increasing the number of surfing sites on the isJand.
Fishing and boating are judged the most significant recreational activities.
Canoeing ‘is centered on use of the Bayfront beach and Wailoa River. Swimming
is most prevalent in Reeds Bay.

(1) Fishing. Recreation fishing areas and resources in Hilo Bay are
Timited, popular, and need to be protected. Leisure time, recreational
fishing is more important in Hilo Bay than commercial fishing as a source of
seafood for local residents. Commercial fishing interests are principally
interested in the offshore fishing grounds. The number of recreational
.fishermen in the Hilo Bay area is about 2,100 persons; 60% are shore
fishermen, 5% are net fishermen, and the remainder utilize other fishing
methods (Cheney, 1977). Favorite fishing sites, 1ist of recreational fish
- species and general locations where the fish are caught are provided in
Cheney, 1977. Fishermen believe that too many fishermen and poor enforcement
of fishing requlations are partially responsible for over-exploitation.
Fishermen are also competing for water use with canoe paddlers, surfers and
boaters. Increasing the number of fishing sites and enforcing existing
fishing regulations were believed to be beneficial to recreational fishing in
Hilo Bay.

(2) Surfing. Five surfing sites are located in Hilo Bay (Kelly, 1981).
One is located at Coconut Island, 2 at the Wailuku River mouth, one at
Wainaku, and one at the tip of the breakwater, Kelly indicated that more
surfing sites existed in the bay in the 1800's prior to construction of the
breakwater,

(3) Beach Parks. The principal beach parks in Hilo Bay are Baker's
Beach, Reeds Bay, Hilo Black Sand Beach, and Liliuokalani Gardens, Both Reeds
‘Bay and Baker's Beach are man-made. Portions of Reeds Bay were created from
material dredged- from Hilo Harbor turning basin during the period from
1925-1930. Hilo Black Sand Beach was formed by the natural accretion of
eroded basalt material from the 1881 lava flow in the Wailukuy River drainage
basin, Black;sand was mined from the beach in the 1900's. Both beaches are
erodifg. The'creation of Baker's Beach appeared to have altered the dyrmamic
equilibrium of the shoreline area and erosion is believed to be a natural
process which reestablishes equilibrium. Erosion at Hilo Black Sand Beach
appears to be related to the Hilo Breakwater (Reference M & E Pacific, 1980).
The breakwater protects a portion of the beach which has remained stabie.

' However, the exposed portion has eroded and beach sand is transported in an
easterly direction. ' The breakwater appears to have eliminated the westerly
component of the littoral transport. ‘

(4) Boating. Wailoa River provides berthing for recreational and fishing
craft, A State launch ramp is located in the river. Radio Bay and Reeds Bay
are also used for berthing principally for sail craft and vessels with high
superstructures which prevent use of the Wailoa River area, Boats using the
Wailoa river must have an over-the-water height of less than 8 feet to pass
under the Kamehameha Highway bridge. The existing facilities provide berthing
for only 106 vessels. Only 4 transient berths are available.
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2. NATURAL RESQURCES.

a. Land Resources. The Hilo Bay shoreline is classified as Keaukaha
Extremely Rocky Muck with 6-20% slope. The bay shoreline specifically
consists of rocky headlands at Wailuku River, rock revetment and black sand
along the Mocheau geach Park, black sand at the Bayfront Beach park, rock
headlands around Waiakea Penninsula, dredged coral fill at Baker's Beach and
Reeds Bay and the developed port area, The harbor bottom consists of silty
clays carried into the bay from upland areas by the Wailuku and Wailoa
Rivers. Blonde Reef is principally a coralline reef area.

b. Prime and Unique Agricultural Lands. None present.

c. Natural Hazards.

(1) Volcanic Hazards.

TABLE B-2. RECORDED OR ESTIMATED NUMBER OF VOLCANIC
ERUPTIONS ON THAE ISCAND OF HAWALI DURING HISIORIC TIMES
' {1800-Present) '

" The summit and major rift zones of Mauna Loa and Kilauea volcanoes on the
jsland of Hawaii have been very active during historic times, and volcanic
activity is expected to continue through the foreseeable future.

-VYolcano - Total Eruptions Eruptions Qutside the Caldera
- Mauna Loa 30-40 About 15
Kilauea ‘ 40-50 ' : About 25
Mauna Kea . . 0 ‘ -
Hualalai : 2 : -
Kohala - 0 -

Adapted from US Geological Survey, 1974

TABLE B-3. NUMBER OF ERUPTIONS ORIGINATING WITHIN HAZARD AREAS
AND NUMBER OF TIMES LAVA FLOW COVERED LAND WITHIN HAZARD

AREAS DURING RISTORIC TIMES TSINCE 1800) ON _THE ISLAND OF HAWAIT
| Hazard Area | # of Eruptions # of Lava Flows o Land Covered by Lava
A 0 0 0
B 0 0 0
c 0 : 0 0
D 0 " ' 0 0.
DE . 1 ' 2 6
E 1 35 15 .
F 80 More than 80 50

~

Source: US Geological Survey, 1974.'

‘Hilo is located in a high risk volcanic area (designated risk area E
~in U.S. Geological Survey, 1974; see Figure B-}). While the greatest danger
to Hilo from volcanic activity,is associated with eruptions within the
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EXPLANATION

AREA OF HIGHEST RISK WITH HISTORIC AND RECENT PREHISTORIC RECORD
OF ACTIVE VOLTANISM, FAULTING AND SUBSIDENCE.

AREA SUSCEPTIBLE TO BURIAL BY LAVA FLOWS ORIGINATING FROM AREA F,
DEGREE OF RISX GENERALLY DECREASES WITH DISTANCE FROM SUMMITS
AND MAJOR RIFT ZONES,

HUALALAI VOLCANO ONLY. LAVA BURIAL MORE FREQUENT THAN AREA D,
BUT LESS THAN AREA F.

'MODER.ATE RISK. NO HISTORIC OR RECENT PREHISTORIC LAVA FLOWS.

MAUNA KXEA VOLCANO SUMMIT, SMALL RISK. ERUPTION FREQUENCY
LOW, LAST ERUPTION 3000 - 5000 YEAR_S AGO,

NO ERUPTIONS DURING LAST 10,000 YEARS.
NO VOLCANIC ACTIVITY IN LAST 60,000 YEARS.

SOURCE: USGS, 1975
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northeast rift zone of Mauna Loa, the risk of potential damages and losses
from lava flow and other hazards {ejecta, gases, subsidence and surface
rupture) generally decreases down the volcanic slopes toward Hilo. Most lava
flows from Mauna Loa have stopped short of the Hilo suburbs. Subsidence and
surface rupture risks are considered lTow in Hilo, although earthquake property
damage has occurred. An earthquake in 1975 caused about $4 million in
property damage throughout the island. Since major structural damage risks
are high, earthquake resistant structural design regulations are enforced.

{2) Tsunami and Riverine Flood Hazards

Hilo Bay is. susceptible to tsunami and riverine flooding. Forty
destructive tsunamis have reached Hilo since 1819, seven of which inflicted
loss of life and property. The tsunamis of 1946 and 1960, resulted in the
~combined loss of 234 lives and damages in excess $52 million. Actions taken
to lessen the impact of tsunamis included rezoning of vulnerable waterfront
areas to open space and the adoptions of structural design codes to reduce
future losses and damages. The highest tsunami runup elevation recorded was
35 feet in 1960. Riverine flood hazards are related to high intensity
rainfall, overland sheetflow and undefined drainageways, the last of which is
the consequence of the geological youthfulness of the region. The Alenaio
Stream flood plain is the principal flood hazard area in Hilo.
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APPENDIX C

NATURAL RESOURCES

A. FLORA

No significant vegetation communities or species are found around the Hilo Bay
shoreline, although the Wailuku River is planned as a natural wilderness area

by local planners.

B. FAUNA

1. Endangered Species:

a. The endangered Hawaiian coot was observed nesting in Mchouli Pond in
Waiakea Pand by Shallenberger, 1977. The endangered hawksbill turtle and the
threatened green sea turtie forage along the coastal areas and have been

observed in Hilo Bay.

b. The humpback whale seasonally migrates through Hawaiian waters and can
be found around all the major jslands from Hawaii to Kaula Rock during the
seasonal migration. The whales begin to appear during November and leave the
islands by June with the greatest number‘occurring during February and March.

The National Marine Fisheries Service indicated that 500-700 whales annually
migrate>through Hawaiian waters to mate, calve and nurse their young. The
whales prefer relatively shallow water, usually waters less than 100 fathoms
deep, and are particularly numerous on Penquin Banks, in the area between
Méui, Lanai, Molokai and Kahoolawe, around the northwest tip of Hawaii and
between Niihau and Kauai. Howeveﬁ, they are consistently seen in small

- numbers in other areas of the Hawaiian Islands during the season. ‘Herman
“(1981) suggests that the whales first arrive in Hawaii around the island of
Hawaii and travel northward toward the 4slands in Maui County and continuing
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toward Niihau and Kauai, where they leave on their return to the northern
summer feeding grounds. The relative concentrations of whales in the Hawaiian
Islands is illustrated in Figure C-1 based upon information provided in 1976
and 1977 census (Wolman and Jurasz 1976, and Rice and Wolman, 1977). The
National Marine Fisheries Service provided the following whale census in the
Leleiwi Point area of Hawaii. The whales have not been seen in Hilo Harbor.

TABLE C-1. WHALE SIGHTINGS OFF LELEIWI POINT

Year - # Whales Sighted
1976, 12
\ 1977
1978
1979 9

2. Wildlife Refuges. No wildlife refuges are estabiished in the area.

3. Marine Sanctuaries. No marine sanctuaries are established in the area.

4. Migratory Waterbirds. The Hilo Bay area is not a major area of
concentration for migratory shorebirds or waterbirds. However, migratory and
domestic ducks have been observed in Waiakea Pond during the winter seasons.
 _The most ‘common waterbird in the Waiakea Pond is the domestic mallard.

5. fMarine Resources.

Ca. Hilo Bay is biologically depauperate, possibly the consequence ‘of
freshwater, siitation and turbidify stresses. The breakwater reduces the wave
energy and -water transport into the harbor, possibly allowing increases
‘siltation ‘in coral areas and reduce the mixing of marine and freshwaters
masses. Freshwater stress prevents the establishment and growth of benthic
marine communities on the reefs, and poor light penetration in water limits
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photosynthetic activity. The silt areas lack a developed infauna (Reference

M & E Pacific, 1981). No live organisms were found in benthic samples taken
from the silt areas probably as a result of recent maintenance dredging in the
harbor. Six samples containing live organisms were obtained from rocky
coralline areas in the bay. Scour and freshwater stress may be factors
limiting benthic development in the Wailuku River mouth area.

b. Live coral cover based on a survey of 5 sites in Hilo Bay ranged from
1-16% attaining the highest cover on Blond Reef (16%). The areas around
Coconut Island had a live coral cover ranging from about 1-10% (M&E Pacific,
1980a). The survey detected a decline in coral cover between 1977 and 1980
possibly attributed to large floods in March 1980. Coralline algae,
Porolithon, was more abundant than coral increasing its substrate coverage
between 1977 and 1980. Porolithon is responsible for the consolidation of
loose reef material and encrusting coral skeletons. Large dead coral heads on
the reefs inside the breakwater suggest that the reef was once a viable
ecosystem. Wave energy on the reef would have created a high energy environ-
ment that flushed silt from the reef and reduced salinity stress by rapidly
dissipating freshwater concentrations before the freshwater could affect the
reef area. The wave action would have also created a high dissolved oxygen
environment, and surge and wave currents would have promoted excellent water
circulation over the reef, creating favorable conditions for coral growth.
Areas within the breakwater exposed to waves refracted around the end of the
breakwater have flourishing coral communities. The dead coral mass does
hrdvide habitat for fish and invertebrates and are areas of richness within
the generally depauperate bay. The number of fish observed on the hard
substrate habitat ranged from 4-365 fishes representing 3-29 species. For
comparative purposes, areas seaward and to the east of the breakwater had
coral cover ranging from 40-70% and fish numbers ranging from 172-543 fish
representing 36-39 species (MXE Pacific, 1980b). Plankton densities in Hilo
Bay, based upon 300 measurements, were not considered significantly different
from other areas in the State, but were similar to .ocean areas.

c. Fishermen believe fish stocks in Hilo Bay are declining (Reference
Cheney, 1977) and attribute this reduction to a variety of factors including
over-exploitation, removal of juveniles by bait fishermen, mechanical
sugarcane harvesting and chemical pollutants. Whether or not a decline has
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actually occurred is unknown and the exact factors affecting fish abundance
have not been determined. The inshore fish catch presently accounts for less
than 10% of the total fish landings in Hilo Bay, and are represented by fewer
species than offshore fish. This contrasts to earlier trends at the turn of
‘the century, when inshore reef fish accounted for 50% of the total pounds of
fish landed in Hilo Bay and represented more species caught than offshore
fish. Nehu catches have declined and are presently insufficient to support a
fishing fleet. The decline in nehu resources is attributed by fishermen to
overfishing, nutrient and sediment loading and an overall decline of the tuna
fishery. The Hawaii Island Chamber of Commerce, 1973, would like to see nehu
of other bait resources improved in hopes of revitalizing the commercial
fishing industry in Hilo. The principal nehu catch areas are located within
the commercial port. Former baiting areas were along the Bayfront shoreline

to Hoolii.

d. The'development of the bay as a commercial port, dredging and filling
shofé]ine areas, and disposal of industrial and domestic wastes have affected
the aquatic habitat and may have affected fishery resources. However, the
long-term trend in fishing stocks and composition is unclear. Fishermen
opinions concerning cause and effect relationships on local fishery stocks
- suggest that certain natural or man-related factors influence fish abundance
- and species, and the fishing methods used. For example, siltation probably
. fills habitat required by moi, aweoweo amd menpachi. Low stream flow and dry
winters appear correlated to increased catch rates, but high stream flows
usually correlate with increased'papio catches. Murky water tended to increase
ulua and moi catch rates, but reduced reef fish and nehu catches. High waves
are thought to clear out the mud and fmprove fishing. The canec plant
discharge into Waiakea Pond were thought to improve fishing. Good crabbing
along the bayfront was associated with abundant Enteromorpha and Ulva growth.
Chlorine from the sewage plant discharge was believed to be the cause of
~decline -in pih&-(Sprate]Ioides delicatulus) abundance. Shutting down and
cleaning the sugar mills have resulted in a decrease in papio, ulua and moi
- catch and in an increase in menpachi, aweoweo, aku and other reef fish catch.
 Trawlers no longer foul their lines on rafts of bagasse. Turbid waters reduced
spearfishing success and probably accounted for reduced reef fish catches.

e. There are no harvestable shellfish beds present.
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f. Water Quality

(1) Water quality in Hilo Bay has improved over the long-term with
the removal and treatment of agricultural, industrial and domestic wastewater
discharges. The pollutant sources have included wastewater from sugarcane and
canec processing operations, raw sewage discharges, periodic shipboard waste
disposal, cesspool overflow and leachates, surface runoff from agricultural
lands, a thermal discharge, fish wastes, and petroieum wastes. At present,
the major, point source discharges jn Hilo Bay are the municipal sewage
treatment plant discharge outside of the breakwater in Puhi Bay, and the Hilo
Electric Company’s Shipman power plant thermal discharge (28 mgd) into Wailoa
River. The only sugar mill dischafge in the area is located 8 miles north of
" Hilo Harbor entrance at Pepeekeo. The principal nonpoint pollution sources in
Hilo Bay are the surface runoff from agricultural lands and leachates from
cesspools. Groundwater seepage and riverine discharge into Hilo Bay has a
significant influence on bay water quality.

(2) Hilo Bay is a two-layered water body (M & E Pacific, 1980a) due
to the discharge of 300 mgd of freshwater from Wailuku River and 700 mgd of
groundwater into the harbor. The freshwater forms a distinct surface layer
over the more saline bottom water. The surface layer persists throughout the
year.and is thicker in the wet season than in the dry season reflecting
hydrologic conditions in the watershed. Salinity gradients are higher near
the shore where groundwater discharges into the harbor and persist next to the
breakwater, suggesting that the breakwater forms a barrier that inhibits
mixing of marine and freshwaters.

(3)_ The predominant surface current direction is seaward out of the
harbor. A continuous outflow occurs along the breakwater possibly as a result
" of groundwater outflow from Radio Bay. The surface current is dependent upon
the influx of freshwater and the predominant wind direction. The influence of
freshwater is measurable to a depth of 10 feet on Blonde Reef inside the
breakwater and outside of the harbor mouth. In some areas the freshwater
influence extends down to 20 feet. The depth of the freshwater influence
genera11y reflects .the low &egrée of mixing between the surface and bottom

waters in the bay. The primary mixing force js provided by the wind with some
mixing at the interface due to the shear force between the freshwater layer
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and the saline bottom water. Turbulence from ship traffic periodically mixes
the two water layers. During certain periods (20% of the time) the prevailing
wind direction is onshore retarding the outward flow of water on the surface.
A two-cell circulation pattern was measured in 1973 (Reference Neighbor Island
Consultants, 1973), but this condition may be the exception rather than the
norm. Subsurface currents are influenced by the predominant westerly offshore
coastal current off Blonde Reef (M & E Pacific, 1980a}. Subsurface waters
flow into Hilo Bay at a depth of 20-40 feet along the western side of the
harbor mouth. Water continuously flows out of the harbor along the eastern
side of the harbor mouth.

(4) Water quality baseline data are incomplete to compare annual
variations with the State Water Quality Standards. The problem is due to
water quality monitoring patterned after standards which were later revised in
September 1979. The existing data are not reported in the same units of
measurements contained in the new standards, and were not collected at a
freduency sufficient to determine compliance with the new standards. In some
instances the constituents analyzed are not the same as those required by the
standards. The new standards classify Hilo Bay (inside the breakwater) as an
embayment with marine water standards for a wet and dry season. Other types
of water qau]1ty standards are further provided for artificial basins, reef
communities and soft bottom areas within Hilo Bay. Data collected between
March and June 1980 in compariﬁon with the State Water Qaulity Standards
indicate ‘that turbidity, nitrate plus nitrite and total phosphorus exceed the
geometric mean standard, and values for suspended solids, total kjeldahi
nitrogen and chlorophyli-a exceeded standard maximum values (M & E Pacific,
1980). In general, Hilo Bay is vertically stratified due to freshwater

- discharges from surface and groundwater sources. Nutrients concentrations do

-not 1imit phytoplankton growth and do reflect seasona] fluctuations related to
surface runoff and groundwater 1nf1ux. Water temperatures are warmer in the
surface waters than in subsurface waters, but solar heating can warm

- subsurface waters when the surface outflow is retarded. Suspended solids and
turbidity fluctuate with seasonal water runoff and do not appear related to
phytoplankton density. Subsurface seawater PH values are normal for seawater
conditions and are higher than the freshwater surface layer. Generally, pH
values are high when photosynthetic activity increases. Chlorophyll-a
concentrations also fluctuate seasonally, being lower in the wet season when
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light water-penetration is reduced and when water turbidity is higher due to
increased suspended solids. Dissolved oxygen levels are near saturation on
the surface and attain super-saturated conditions in areas of high photo-
synthetic activity. Dissolved oxygen levels were lowest near the silty
bottoms of the inner harbor and in Wailoa River probably due to reduced mixing
with surface waters, to organic loading from terrestrial sources, and to
organic material in the harbor that settles out of the water co]umn. Fecal
strep and fecal coliform bacteria concentrations have decreased over the past
years with the removal of the sewage d1scharqes, and are presently influenced
by riverine and groundwater discharges. Fecal strep bacterial tend to survive
longer in Hilo Bay than other areas in the State due to the freshwater layer

in the harbor.

(5) Sedimentation. Nafer quality data indicate that sedimentation
is a significant factor influencing water quality in Hilo Bay. The low wave
energy environment creéted by the breakwater allows silt to settle out onto
the coral reef environments smothering and destroying the reef ecosystem. The
rate of sedimentation may be siow based on maintenance dredging records for
Hilo Bay Harbor; approximately 54,000 cubic yards of material was removed from
the harbor in 1977 reftecting the amount of material accumulated in the harbor
since 1962. The estimated maintenance dredging cycle for Hilo Harbor is once
every ten years based on past records. Si1t is derived primarily from upland
‘erosion within the Wailuku River drainage basin. Based on Table G-14, the
principal sources of silt are the agricﬁ]tural areas and the areas around the
summit of Mauna Loa. However, about 35,000 tons of silt per year are
deposited into Hilo Bay from Wailuku River (Corps of Engineers, 1976). Based
on average annual rainfall in the region, significant soil losses are related
to severe storm or intense rainfall events which affect severe erosion areas
" rather -than smaller daily rainfail events. The rates of sedimentation in the
harbor may be lower than in the past due to volcanism depositing new lava over
erodible soils and to the termination of the sugar mill processing wastewater
. discharge into the harbor. The lava flow of 1881 covered some of the erodible
.ﬂso11 in the Wailuku River drainage basin, and Wainaku Mill discharged 20,000

tons of suspended solids a year into the bay until it closed in 1976.



TABLE C-2. LAND-USES AND EROSION HAZARD OF THE WAILUKU RIVER DRAINAGE BASIN

Estimated Erosion

Damage
Land-Use Acres % Total Area (TonslAcres/Year)
tUrban 1,800 1.0 4
Sugarcane and 3,900 2.5 7-11
Diversified Crops
Forest 77,500 46.5 0.2
Pasture 33,800 20.2 2-3
High Mountains 50,000 29.8 . 1-15
Conservation

Source of Data: Hilo Cbmprehensive Study, Plan of Study, December 1976,
Honolulu District, U.S. Army Corps of Engineers

‘(6) Sediment_Quality. Pollutant discharge into Hilo Bay.have left
arsenic, PCB (Po1ych10rinated biphenyls), and pesticide contaminants in the
bay sediments. A State Department of Health survey in 1878 indicated that
arsenic, PCB and chlordance concentrations were found in significantly high-
amounts in Hilo Bay (State of Hawaii, 1978) in comparison with other sites
sur&eyed in thd state. The contaminants in dredged material may make the
‘ materia] unsuitable either for 1and or ocean disposal, and may require special
handling or treatment of the material prior to disposal. 'Sand sediments from
a shoal in the mouth of Wailoa River were found suitahle for upland disposa]l
following Environmental protection Agency EP testing which jndicated that
pollutants did not leach from the sediment. '

(a) Arsenic.

‘Based on the State survey, sediment samples from the Hilo Bay area contained

" total arsenic residues in concentrations ranging from about 22 ppm to 6370 ppm.
A Canec plant, which manufactured canec -boards from bagasse, discharged
wastewater containing arsenic trioxide, a termicide, into Waiakea pond.
Sediments form the pond contain total 5rsenic residues in concentrations of
about 6370 ppm. Sediments from the mouth of Wailoa Rivér contained 131 ppm
total arsenic, and sediments from Hilo Harbor contained total arsenic concen-.
" trations ranging from about 33 to 104 ppm. Total arsenic concentrations from
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sediments obtained from the outer part of the harbor ranged from about 27 to
33 ppm. The analysis indicated that arsenic migrated from Waiakea Pond into
the bay environment. Arsenic concentrations in other Hawaiian estuarine
sediments ranged from less than 4 ppm at Manele/Hulopoe, Lanai to about 20 ppm
in Kaneohe Bay, and may reflect natural levels in Hawaiian soils. Analysis of
fish and crab tissue indicate that arsenic is not bioconcentrating in the
species tested. ‘

(b) PCB.

* Qut of ten sites sampled in the State of Hawaii only two, Hilo Bay, Hawaii and
Ala Wai Canal, Oahu, had measurable concentrations of PCB. Concentrations of
PCB in Ala Wai Canal sediment ranged from 200 to 740 ppb with a mean of 372.6
ppb. The mean PCB concentration in Hilo Bay sediments was 200 ppm. The mean
PCB concentration for other sample sites was less than 200 ppb. Under the
test procedure the detectable 1imit was 200 ppb. No concentration of PCB was
found in 27 biota samples analyzed.

(c) Chlordane.

Hilo Bay sediments also contained measurable quantities of chlordane. The sum
of the mean values of three deriatives of chlordane was 84.2 ppb and was on€
of four sites in Hawaii found to have chlordane present in the sediments.
Sediment from six other sites contained no chlordane residues above the
' detectable 1imit of 10 ppb. The levels df chlordane residue in mullet flesh
from Waiakea Pond ranged from 80-160 ppb. No mullet from Hilo Bay was
analyzed. The mullet viscera contained a chlordane residue 3 to 4 times
" higher than the flesh. The mean concentration of chlordane residue in Hilo
sediment were considerable lower than the range of mean concentrations of
chlordane residue (about 296 to 567 ppb) found in the Ala Wai and Kapalama
canals. ' '
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U.S. DEPARTMENT OF COMMERCE
National Oceanic and Atmoapheric Administration
NATIONAL MARINE FISHERIES SERVICE

Southwest Region

Western Pacific Program Office
P. 0. Box 3830

Honolulu, Hawaii 96812

December 13, 1983 F/SWRL:ETN

Mr. Kisuk Cheung

Chief, Engineering Division

U.S. Army Engineer Division
Pacific Ocean

Building 230

Fort Shafter, HI 96858

Dear Mr. Cheung:

Your request to the Director, Southwest Region regarding the Biological
Assessment for the Hilo Area Comprehensive Study has been referred to this
office for reply. Of the four proposed projects evaluated only the Cape
Kumukahi Small Craft Navigation Tmprovements will require formal consultation
at this time.

Qur determination of "no effect" to listed endangered or threatened
species from the Hilo Breakwater Modification project was forwarded .to the Corps
in August 1981 and reaffirmed in a subsequent communication dated
November 2, 1983.

The progosed Hilo Bayfront Beach Shore Protection and Reeds Bay Small
Craft Harbor.projects as described in the Assessment and the April 1983
DEIS ore-hot likely to affect any listed species under National Marine Fisheries
Service (NMFS) jurisdiction. The NMFS concurs with the Corps' determination
of "no effect"and finds that formal consultation pursuant to Section 7 of
the Endangered Species Act of 1973, as amended, will not be required for these
two specific projects at this time. However, should project conditions,
locations or other parameters change significantly from those currently
described, consultation may be required when such changes are identified.

Much of the information presented in the Assessment and particularly the
April 1983 DEIS for the Cape Kumukahi Small Craft Navigation Improvements '
concerning the endangered humpback whale (Megaptera novaeangliae) and
hawksbill turtle (Eretmochelys imbricata) and the threatened green turtle
(Chelonia mydas) is taken out of context and/or interpreted without sufficient
regard to the type and amount of data collected for these species in the area.
* Because of the variability in distribution and abundance of whales and turtles
over time, the small numbexr of sightings based on such little effort should not
be the basis for discounting the impact of the project on endangered and
‘threatened species. Furthermore, secondary impacts such as vessel traffic,
lighting, and shoreline development on listed species from a small boat
harbor in the area were not sufficiently considered and should be evaluated
more rigorously during consultation. Thus, NMFS believes that the proposed

FIGURE C-2
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Cape Kumukahi Small Craft Navigation Improvements project and the resultant
activities associated with its operations may affect humpback whales,

green turtles and hawksbill turtles and recommends that the Corps initiate
formal Section 7 consultation for this project at the appropriate time.

Should there be any questions regarding this action please contact
Mr. Eugene Nitta at 955-8831.

Sincerely yours,

O f L7

Gates
Administrator

ec: F/SWR

- FIGURE-C-2 (contd)
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United States Department of the Interior

FISH AND WILDLIFE SERVICE I oLy REFCR To!
300 ALA MOANA BOULEVARL ES
P.O. BOX 50167 Room 6307

HONOLULU, HAWAII Iseso-

APR 5 1904

Colonel Michael M, Jenks

U.S. Army Engineer District, Honolulu
Building 230

Fort Shafter, Hawaii 96858

Re: Final Coordination Act Report
for Hilo Bayfront Beach

Dear Colonel Jenks:

This 1s the U.S. Fish and Wildlife Service's Final Coordination Act Report
regarding plans of the Honolulu District to construct beach restoration
features within the Hilo Comprehensive Study planning area. This study has
been conducted as a component of the Hilo Comprehensive Water Resources Study.

The Service's report has been Prepared under the authority of and in
accordance with the provisions of Section 2(b) of the Fish and Wildliife
Coordination Act (48 Stat. 401, as amended; 16 U.S.C. 661l et seq.) and other
authorities mandating Department of Interior concern for .environmental values.
It is also consistent with the intent of the National Environmental Policy
Act, ‘

This repbrt'has been prepared by John Ford and Yvonne Ching using the results

‘of previous planning studies conducted in the Hilo area, current scientific

literature, results of Jjoint-agency field surveys conducted by John Ford and

- William Lennar in' June 1982, and numerous planning reports and conceptual

drawings provided by the Honolulu District. The opinion of the Hawaii
Department of Land and Natural Resources concerning this action is appended to
this report. ' ' -

DESCRIPTION OF THE PLANNING AREA

The study area is located on the eastern side of the island of Hawaii (Figure

1). Features discussed in this letter are centered in Hilo Bay (Figure 2).
Previous Corps studies and reports which present detailed descriptions of the
geology, hydrology,_oceanography, water quality, and fish and wildlife

 resources in the study area include References 2, 4, 8, 10~12, and 15-20, Inm

the interest of avoiding redundancy, the information presented here is
intended to.supplement existing data developed by the,Co;ps for these studies.

Hilo Bayfront Beach

" Existing descriptions of the intertidal and nearshore fish and wildlife

habitat along Hilo Bayfront appear in the references mentioned above,

",Extremely poor water clarity (0-2 ft. horizontal visibility) during the June
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1982 field survey precluded meaningful visual surveys. Water quality here is

generally poor due to the discharge of terrigenous silt, debris and nutrients

from the Wailuku and Wailoa Rivers. This is complicated by reduced

circulation and prolonged residence time of water within the Bay. Predominant

nearshore currents along the bayfront set westerly during both flood and ebb

tides. There is some evidence that a local gyre exists near shore, which

rotates in a counter-clockwise direction (Reference 10). There was no

appreciable erosion of the beach evident in June 1982. :

Reference 2 reports finding no benthic rescurces within this area. Reference
11 does not list any fishery resources in this area. However, in the vicinity
of the Wailuku River mouth, popular sport fishery specles include aholehole,
amaama (Mugil cephalus}, mol and mol 14'i (Polydactylus sexfilis), oio (Alubla
vulpes), paplo and ulua, and o'opu (various Gobiidae and Eleotridae).

Shore casting from the abutments of the Wailuku River bridge and adjacent
shoreline revetments is a popular pastime. We observed several persons
fishing along the bayfront during our June 19562 field survey. Recreational
fishermen questioned during the June 1982 survey indicated that oio, paplo and
moi were the preferred catch at this location.

The black sand beach does provide habitat for several species of migratory .
shorebirds such as the wandering tattler (Heteroscelus incanus), golden plover
(Pluvialis dominica fulva), ruddy turnstone (Arenaria interpres), and
sanderling (Calidris alba).

There are no known endangered speciles of plants or animals that frequent the
study area.

DESCRIPTION OF THE PROPOSED ACTION

Two alternative plans have been developed to enhance recreational values
within the project area and to provide shore protection. Plan A (Figure 3)
includes several components:

a. construction of a parabolic surfing shoal 220' offshore;

b. construction of a 220,000 sq. ft. dry sand beach;

c. construction of four rock groins to stabilize the beach;

d. construction of a 1,200' long rock revetment along shore;

e, construction of a 200' long jetty adjoining the mouth of the Walloa
River.

‘The proposed artificial surfing shoal will be constructed at the west end of

the bayfront beach, Patented "Longard Tubes" will be used to create a

terraced, parabolic shoal. The shoal will refract incident waves causing them

to peak and break. The beach will consist of black sand material having

essentially similar physical characteristics to the existing beach sands. The

new sand will be dredged from bottom sediments near the wouth of the Wailuku

River and Alealea Point in Hilo Bay. Washing and screening of the dredged

sand may be required before it is suitable for use. Chemical testing for

toxic substances as specified by the Eavironmental Protection Agency will be .
required prior to dredging. v

FIGURE C-3 (contd)
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The proposed rock groins will be spaced approximately 600' apart along shore.
Construction alternatives include rock rubble mound or sand-cement filled
bags. The groins will be constructed of ungrouted armor stone overlying a
bedding layer of quarry run stone. The proposed revetment, however, will
consist of a double layer of armoxr stone over an under- and bedding layer,
designed to distribute the weight of armor stone and to prevent the loss of
shoreline material through voids in the armor stone. No construction details
for the proposed jetty are available. Source of f£ill and armor stones will be
from either of two existing rock quarries in the study area.

Plan A has been tentatively selected as the preferred alternative as it
gsatisfies all project objectives and carries a net contribution to National
Economic Development (NED). It is also considered to be the Environmental
Quality (EQ) Plan since the surfing shoal, beach and jetty wlll enhance
recreational opportunities in the study area.

Plan B simply involves the comstruction of a 3,500' long rock revetment for
shore protection along Hilo bayfront (Figure 4).

ANTICTIPATED ENVIRONMENTAL CONSEQUENCES

Potential impacts include temporary degradation of water quality parameters
(specifically, jnereased turbidity, dissolved and suspended nutrient
concentrations, and biological oxygen demand; and decreased dissolved oxygen
concentrations and pH). These impacts may be minimized by implementation of
careful construction methods (refer to Recommendations). Construction may
lead to temporary restrictions upon access for shore fishermen, and reduced
fishing success.

Construction of groins perpendicular to the shore along Hilo bayfront would be
expected to change existing current patterns.

However, it is doubtful that these changes would result in adverse impacts to
fish and wildlife resources. No important benthic habitat would be destroyed
by placement of armor stone groins into the surf, The completed structures

will provide suitable habitat for benthic algae and invertebrates as well as

cover for some flshes.

No long-term adverse impacts are anticipated at the site of the proposed
offshore sand dredging north of the Wailuku River mouth. However, 1f the
existing shellow sand banks are significantly lowerced iz depth, the resulting
habitat may be of reduced value to fishes due to low dissolved oxygen
concentrations. Subsequent accretion of sediments carried by bay current
systems may gradually restore the area to its previous depth. :

RECOMMENDATIONS

The Service does not anticipate significant impacts to fish and wildlife

resources as a result of the proposed action. All construction activities

should be conducted in a manner which will minimize unnecessary disturbance to

benthic habitat, In addition, we support the following recommendations of the

Department of Land and Natural Resources: .

FIGURE C-3 (contd)
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1. A responsible agency should undertake a public information and
consultation effort sufficient to allay public concern if any
blasting is to be initiated.

2. Spoils excavated from the bottom of Hilo (and Reeds) Bay should not
be used as core material for the proposed breakwater unless
toxicologically safe and unless such use would not increase

turbidity outside the Bay.
Sincerely, :

1ldn Marmelstein
Pacific Islands Administrator

Attachment

" . ge: Director. FWS, Washington, DC (AHR-ES/FP)
Regional Director, FWS, Portland, OR (AHR)
WMFS-WPPO

'EPA San Francisco

HEDF&W i

HDAR

FIGURE C-3 (contd)-

C-20



BIBLIOGRAPHY

1. Aotani & Associates, Inc. 1977. Preliminary Planning for Small Craft
Facilities in East Hawaii. Prepared for USACE, Honolulu District.

2. Bowers, R. L. 1980. Marine blological reconnaissance of Hilo Harbor.
Prepared for USACE, Honolulu District.

3. Cheney, D. P. 1977. Reconnailssance surveys of the marine envircnment at
the Pohoiki Bay Navigation Improvement Project Site, Pohoiki Bay, Island of
Hawaii, Hawaii. Prepared for USACE, Honolulu District.

4, Cheney, D. P. 1980. Geological, Biological and Water Quality
Investigations of Hilo Bay, Hawaii: Fishery Resource Survey. Prepared for
USACE, Honolulu District/M&E Pacific, Inc.

5. Ford, J. I. 1973. Preliminary Ecological Baseline Study of. the
Intertidal Zone, Kapoho, Hawaii. Sea Grant Program, University of Hawaii,
Working Pager No. 1.

6. Laevastu, T., D. E. Avery and D. C. Cox. 1964. Coastal currents and
sewage disposal in the Hawaiian Islands. University of Hawaii Institute of
Geophysics, HIG-64-1. :

7. M&E Pacific,‘Inc, 1980. Fnvironmental Impact Statement for the Hilo
Wastewater Management Plan of the Hilo District, South Hilo, Hawaii. Prepared
for County of Hawaii, Dept. Public Works.

8., M&E Pacific, Inc., 1980. Geological, Biological, and Water Quality
Investigations of Hilo Bay, Hilo Area Comprehensive Study. Prepared for
USACE, Honolulu District. .

9, Macdonald, G. A. and A. T. Abbott. 1970. Volcanoes ig.the Sea. The
University Press of Hawaili, Honolulu.

10. Reighbor island Consultants, 1973. Baseline Environmental
Investigations of Hilo Harbor. Prepared for USACE, Honolulu District.

11. Oceanic Foundation. 1975. A three-year enviroumental study of Honokohau
Harbor, Hawaii. Prepared for USACE, Honolulu District.

12. Resource Planning, Inc. 1977. Fisheries assessment for first spring
season, environmental studies, Hilo Bay, Hawaii. Prepared for USACE, Honolulu .

District.

13. Sunn, Low, Tom & Hara, Inc. 1977. First spfing season environmental
studies, Hilo Bay, Hawail. Prepared for USACE, Honolulu District.

14, Townsley, S. W., L. Trott and E. Trott., 1962. A preliminary report of
the littoral marine community on a new lava flow at Kapoho, Hawali, Ecology
43(3):728-320. . . .

FIGURE C-3 (contd) -
c-21 | '



15. U.S. Army Corps of Engineers, Honolulu District. 1967. _Plan of Study ~,
for Hilo Area Comprehensive Study. .

16, i . 1981. Hilo Area Comprehensive Study, Draft
Navigation Report.

17. U.S. Fish and Wildlife Service, 1978. The biological resources of the
Hilo study area, Hawaii: An overview.

18, . 1980, Coordination Act Reporf for the Hilo
Harbor Breakwater Project, Hilo, Hawaii,

19, . 198l. Coordination Act Report for Deep Draft
Harbor, Hilo Comprehensive Study, Hawaii,

20. . 1981. Planning Aid Letter for Hilo Area
Navigation Improvements, County of Hawaii, Hawaii.

FIGURE C-3 (contd)

C-22



\

APPENDIX D

- COASTAL ZONE DMNAGEPENT FEDERAL CONSISTENCY DETERMINATION



DEPARTMENT OF THE ARMY
PACIFIC OCEAN DIVISION, CORPS OF ENGINEERS
FT. SHAFTER. HAWAIl 96836

March 8, 1984

REPLY TO
ATTENTION OF

Mr. Kent Keith, Director

Department of Planning and Economic
Development

250 South King Street

Honmolulu, Hawaii 96813

Dear Mr. Keith:

In accordance with the National Coastal Zone Management Act of 1972
and 15 CFR Part 9230, Federal Consistency with Approved Coastal Management
Program, we have prepared an;environmental impact statement (previously
provided) and a Supplemental Information form (attached) for the Bayfront
Beach protection project, County of Hawaii. The proposed project was
reported in Volume 3 of the Hilo Area Comprehensive Study, and .is intended
to provide protection for the existing Beach and the Bayfront Highway,
and to enhance recreation facilities. |

_ We have determined that the proposed project is consistent with
Hawaii's Coastal Zone Management Program, and would appreciate your con-
currence by April 8, 1984 so that we may meet our final report preparation
- gchedule. '

_Sincerely,

- Enclosure

D-1



' FEDERAL CQONSISTENCY
SUPPLEMENTAL INFORMATION FORM

Date: '8 March 84

Project/Activity Title or Description: Bayfront Beach Shore Protection

location: - Island Hawaii District Hilo

‘Tax Map Key No.

Other applicable area(s), if appropriate

Est. Start Date: Unknown Est. Duration: 18 months
APPLICANT
Nau:)e & Title Colonel H:I;c‘nael M. Jenks |
Agency/Organization - Honolulu District Engineer:
Adciress ' Building 230
Fort Shafter, Hawaii Zip 96858

Telephone No. during business hours:
A/C (808)  438-1091 -

A/C (808)  438-1059

AGENT

i . Name & Titlé Kisuk Cheung, Chief, Engineering Pivision
Agency/Ofganization Honolulu District Engineer
Address Building 230

Fort Shafter, Hawaili - Zip

96858

Telephone No. during business hours:

A/C (808  438-9523

A/C (800  438-1634

D-2



CATECORY OF APPLICATION {check one only)

{x] 1I. Federal Activity [ ) III. OCS Plan/Permit

[ ] II. Permit or License [ ) 1IV. Grants & Assistance

TYPE OF STATEMENT (check one only)

{X ] Consistency
[ ] General Consistency (Category I only)
[ ] Negative Determination (Category I only)

[ 1] Non;Consistency (Category I only)

APPROVING FEDERAL AGENCY (Catepories II, III, & IV onlv)

Azency

' Contact Persaon

. Telephone No. during business hours:
A/lC C )
A/C ()

FEDERAL AUTHORITY FOR ACTIVITY

Title of Law Water Resources Development Act of 1956

Section Section 144

. OTHER STATE. AND COUNTY APPROVALS REGUIRED
o . Date of

- Agency " Type of ‘Approval - Applic. Status
o - \ Application n«

DLNR CDUA N/A - yet made
~Hawaii County : ' Application n.

~Planning Department . . SMA. —NLA yet made

D-3 d
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CORRECTION

THE PRECEDING DOCUMENT(S) HAS )
BEEN REPHOTOGRAPHED TO ASSURE
LEGIBILITY
SEE FRAME(S)
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DEPARTMENT OF THE ARMY
PACIFIC OCEAN DIVISION, CORPS OF ENGINEERS
FT. SHAFTER, HAWAIl 96858

March 8, 1984

Mr. Kent Keith, Director

Department of Planning and Economic
Development

250 South King Street

Honolulu, Hawaii 96813

Dear Mr. Reith:

In accordance with the National Coastal Zone Management Act of 1972
and 15 CFR Part 930, Federal Consistency with Approved Coastal Management
Program, we have prepared an environmental impact statement (previously
provided) and a Supplemental Information form (attached) for the Bayfront
Beach protection project, County of Hawaii. The proposed project was
reported in Volume 3 of the Hilo Area Comprehensive Study, and.is intended
to provide protection for the existing Beach and the Bayfront Highway,
~ and to enhance recreation facilities.

We have determined that the proposed project is consistent with
Hawaii's Coastal Zone Management Program, and would appreciate your con-
currence by April 8, 1984 so that we may meet our final report preparation
schedule. ‘

. Sincerely,

Enclosure

D-1



Lo FEDERAL CONSISTENCY
SUPPLEMENTAL INFORMATION FORM

Date: '8 March 84

Project/Activity Title or Description: Bayfront Beach Shore Protection

location: - Island Hawaii District Hilo

‘Tax Map Key No.

Other applicable area(s), if appropriate

Est. Start Date: Unknown Est. Duration: 18 months
APPLICANT
Name & Title Colonel Michael M. Jenks

Agency/Orgenization _ Honolulu District Engineer

Address Building 230

Fort Shafter, Hawail ' Zip 96858

Telephone No. during business hours:

 A/C (808)  438-1091

A/C (808)  438-1069

AGET / ‘ .
- _.Némg & Ticl Kiéuk Cheung, Chief, Engineering Division
AgencyIOrganization Honolulu District Engineer
. Address Building 230

Fort Shafter, Hawaiil . Zip 96858

Telephone No. during business bours:

A/C (808 438-9523

A/C (809 __ 438-1634

D-2



CATEGORY OF APPLICATION (check one only)

[x] 1I. Federal Activity [ ] IIL. & Plan/Permit

[ ] II. Pemmit or License { ] 1IV. Grants & Assistance

TYPE OF STATEMENT (check one only)

fX ] Consistency
[ ] General Consistency (Category I only)
[ 1 Negative Determination (Category I only)

[ ] an;Consistehcy (Category 1 only)

APPROVING FEDERAL AGENCY (Categories II, III, & IV onlv)

Agency

" Contact Person

. Telephone No. during business bours:
A/lC ()
AlC C )

FEDERAL AUTHORITY FOR ACTIVITY

Title of Law Water Resources Development Act of 1956

Section Section 144

. OTi== STATE AND COUNTY APPROVALS REGUIRED

. i , - Date of
Agency Type of Approval Applic. Status
T ; Application m«
DLNR CDUA N/A yet made
Hawaii County : Application m
Planning Department ___SMA —NLA yet made
& 9T

D-3



Discussion: The proposed project will add 5 acres of beach. to the
Bayfront area of Hilo. The beach will be easily acces_sible' from the
Bayfront Highway. Additionally, a surfing shoal would Be constructed

on the west end of the beach which would provide more surfing opportunity
for Hilo residents. :

-
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HAWAI CZM PROGRAM
ASSESSMENT FORMAT

RECREATIONAL RESOURCES

Objective: Provide coastal receational opportunities accessible to the public.
Policies

!} Improve coordination and funding of coastal recreation planning and
management.

2) Provide adequate, accessible, and diverse recreational opportunities in the
coastal zone management area by:

a) Protecting coastal resources uniquely suited for
recreational activities that cannot be provided in other
areas;

b) Requiring replacement of coastal resources having
significant recreational value, including but not limited
to surfing sites and sandy beaches, when such resources
will be unavoidably damaged by development; or
requiring reasonable monetary compensation to the
State for recreation when replacement is not feasible or
desirable;

c) Providing an adequate supply of shoreline parks and
other recreational facilities suitable for public
recreation;

e) Encouraging expanded public recreational use of
County, State, and Federally owned or controlled
shoreline lands and waters having recreational value

1) ,Adopting water quality standards and regulating point
'and non-point sources of pollution to protect and where
feasible, restore the recreational value of coastal
waters;,

g). Developing new shoreline recreational oppcrtunities,
where appropriate, such as artificial reefs for surfing
and fishing; and

h) Encouraging reasonable dedication of shoreline areas
with recreational value for public use as part of
discretionary approvals or permits by the land use
commission, board of land and natural resources, county
planning commissions; and crediting such dedication
against the requirements of section 46-6.

D-5



COASTAL ECOSYSTEMS

Objective: Protect valuable coastal ecosystems from disruption and minimize
adverse impacts on all coastal ecosystems.

Policies
I} Improve the technical basis for natural resource management;

2) Preserve valuable coastal ecasystems of significant biological or economic
importance; . .

3) Minimize disruption or degradation of coastal water ecosystems by effective
regulation of stream diversions, channelization, and similar land and water
uses, recognizing competing water needs; and _

4) Promote water qﬂantity and quality planning and management practices which
reflect the tolerance of fresh water and marine ecosysiems and prohibit land
and water uses which violate State water quality standards.

Discussion: The area off-shore from Bayfron Beach. is- depauperate, and therefore
no significant dedradation of the ecosystem is expected. Some ‘benthic infaura
will be killed when they are covered with sand, and similar organisms will

Be killed at the sand site during the dredging or pumping. None of the
organisms are unique, and recruitment is expected to be rapid.
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ECONOMIC USES

Objective: Provide public or private facilities and improvements important to the
State's economy in suitable locations.

Policies

1) Concentrate in appropriate areas the location of coastal depen'dent
development necessary to the State's economy.

2) Insure that coastal dependent development such as harbors and ports, visitor
industry facilities, and energy generating facilities are located, designed, and

. constructed to minimize adverse social, visual, and environmental impacts in
the coastal zone management area; and

3) Direct the location and expansion of coastal dependent developments to areas
presently designated and used for such "development and permit reasonable
long-term growth at such areas, and permit coastal dependent development
outside of presently designated areas when:

a) Utilization of presently designated locations is not
feasible;

b) - Adverse environmental effects are minimized; and
¢)  Imporiant to the State's economy.
Discussion: The increased beach area and surfing shoal will attract tourists

to the area, especially if the water quality of Hilo Bay improves. This may
result in higher visitor counts for the Hilo area.

D-7
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" COASTAL HAZARDS

Obiective: Reduce hazard to life and property from tsunami, storm waves, stream
{looding, erosion, and subsidence.

Policies

1} Develop and ' communicate - adequate information on Sstorm wave, tsunami,

{lood, erosion, and subsidence hazard;

2) Control development in areas subject to storm wave, tsunami, flood, erosidn,
-~ and subsidence hazard; , .

3) 'Ensure that developments comply with requirements of the Federal Flood
Insurance Program; and

4) Prevent coastal flooding from inland projects.

Discussion: The project will not have an.effect on subsidence or volcanic
activity, but it will protect-the Bemch and highway from storm waves. it
will also reduce erosion along this section of the Bayfront.
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MANAGING DEVELOPMENT

Obijective: Improve the development review process, communication, and public

parucipation in the management of coastal resources and hazards.

Policies

i) Effectively utilize and implement existing law to the maximum extent possible
in managing present and future coastal zone development;

2) Facilitate timely processing of application for development permits and
resolve conflicting permit requirements; and :

3) Communicate the potential short and long-term impacts of propased
significant coastal developments early in their life cycle and in terms
understandable to the general public 1o facilitate public participation in the
planning and review process. * .

Discussion:  Not applica".ﬁ'le.' ‘The project is not expected to influence coastal '

development. B - . '

'
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HISTORIC RESOURCES

Obijective: Protect, preserve, and where desirable, restore those natural and -
man-made historic and pre-historic resources in the coastal zone management area
that are significant in Hawaiian and American history and culture.

Policies
oL ]

1) .Idéntiiy and analyze significant archaeological resources;

2) . Maximize information retention through preservation of remains and artifacts

or salvage operations; and

3) Support State goals for protection, restoration, interpretation, and display of

historic resources.

Discussion: Not applicable. There are no historic resources in the area of
the p;'oposed project.

———
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SCENIC AND OPEN SPACE RESOURCES

Objective: Protect, preserve and, where desirable, restore or improve the quality
of coastal scenic and open space resources.

Policies

1) Identify valued scenic resources in the coastal zone management area;

2) Insure that new developments are compatible with their visual environment by
designing and locating such developments to minimize the alteration of natural

landforms and existing public views to and along the shoreline;

3) Preserve, maintain and, where desirable, improve and restore shoreline open
space and scenic resources; and

4) Encourage thpse developments-which are not coastal depeandent to locate in

inland areas.

Discussion:  The proposed project will not significantly disrupt the view
plane along the Bayfront. The new beaches will be attractive, and the groins
will be designed to be visually unobtrusive. .

D-11



GECRGE R. ARIYOSHI
GOVERNOR
KENT M. KEITH

\ DEPARTMENT OF PLANNING o g R

OFPUTY DertChOS

JAND ECONOMIC_ DEVELOPVENT AL o

KAMAMAIU BULDING, 250 SOUTH KING ST, HONOWILL, HAWAI

MAIING ADDRESS: POL BOX 2359 HONCIUILL HAWAI 7804 DIVISICHS
ECONDMIC DEVHCBR?E;_I\; DIVISIONS

LAY L I STy Sl W wa

. No. 9079 fmeN-mgg z'om"oﬁ' N
HAWAIN INTERNATIONAL STRVICES AGINCY,

March 28, 1984 LAND USE DIVISIOH
PLANMING DIVISION

RESEARCH AND ECONGMIC ANALYSS EXVISION

QFCES

ADMIEISTRATIVE SERVICES OFFICE

HAWAIL FUIA OFICE

INFORMATION EFICE

OCEAN #ESOURCES (IHICE
FOURISM OFFICE

Mr. Kisuk Cheung
Chief

. Engineering Division
Corps of Engineers
Department of the Army
Building 230 ,

Fort Shafter, Hawaii 96858

Dear Mr. Cheung:

Subject: Coastal Zone Management Consistency Determination, Hilo
‘ Bayfront Beach, Hilo, Hawaii

We have reviewed the subject proposal and agree with your
. determination that it is consistent with Hawaii's Coastal Zone Management
! ~Program. Your assistance and cooperation in complying with the CIM Porgram
.requirements are appreciated.
Very truly yours,

Kent M. Keith
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APPENDIX E
LETTERS OF COMMENT AND RESPONSE
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COASTAL ENGINEERING DESIGN AND EVALUATION
FOR SHORELINE IMPROVEMENTS
HILO BAYFRONT BEACH
HILO, HAWAII

INTRODUCTION

Study Purpose and Objectives

- This study of the Hilo Bayfront Beach was accomplished as part
of the Hilo Area Comprehensive Study (HACS) being conducted by the
U.S. Army Corps of Engineers, Honolulu District, under the authority
of Section 144 of the Water Resources Development Act of 1976
(Public Law 94-587)}. The primary purpose of the HACS is to investi-
gate methods to develop, utilize and conserve water and related land
resources in the Hilo Bay area.

The purpose of this study is to investigate the engineering
feasibility of alternative improvements to provide shore protection
and beach restoration along the Hilo bayfront. Project objectives
jnclude shore protection for the bayfront highway, beach restoration
and recreational enhancement, and reduction of shoaling of the Wailoa
River mouth.

Study Area Location and General Description

Hilo Bay is located on the east coast of the island of Hawaii.
For this report Hilo Bay is considered as the area encompassed by a
line drawn from Pepeekeo Point to the north and Leleiwi Point to the east.
Hilo Harbor is that portion of Hilo Bay bounded by the breakwater and
a line extended from the tip of the breakwater westward to the shore.
The Hilo bayfront beach extends between the Wailuku and Wailoa Rivers
on the west side of Hilo Harbor. The east half of the harbor shoreline
consists of the irregular and rocky shoreline of Waiakea Peninsula,
small boat mooring in Reeds Bay, and the commercial port area in
Kuhio Bay. The focus of this study is on the bayfront beach, with
some discussion of wave energy in Reeds Bay and Kuhio Bay. The study
area location and a general vicinity map are shown on Figure 1-1.
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Work Tasks and Methodology

Available Information Review. Historical records and previous ocean-
ographic, environmental and engineering studies were reviewed for
applicable coastal engineering design data and to assess the past

and present coastal engineering characteristics of the study area.
Information sources included the U.S.” Army Corps of Engineers,
Pacific Ocean Division, the University of Hawaii Hamilton Library

and the Hawaii Institute of Geophysics library, and prior engineering
studies accomplished for the State of Hawaii and Hawaii County.

The existing available information, particularly available wave data
and studies of the physical characteristics of Hilo Bay, provides the
starting point for the analyses in this report.

Determination of Coastal Engineering Design Parameters. The available
information was used to determine the general wave, water level and
sediment transport characteristics in Hilo Harbor. The estimated
deepwater wave climate (height, period, direction and frequency of
occurrence) outside of Hilo Bay was determined, as well as the
theoretical transformation of the deepwater waves due to refraction,
diffraction, bottom friction, shoaling and breaking as they enter

the bay and propagate shoreward. The estimated sediment transport
characteristics of the bayfront shoreline was assessed based on the
physical characteristics of the shore and the theoretical wave analysis.
The design parameter analysis was based on existing state-of-the-art
coastal engineering techniques and methodology contained in publica-
tions by the U.S. Army Corps of Engineers Coastal'Engineering Research
Center, engineering publications such as the Journal of the Waterways,
Harbors and Coastal Engineering Division of the American Society of
Civil Engineers, and other published coastal engineering research
studies. A numerical computer model was utilized for the analysis

of wave transformation and sediment transport, The existing condition
of the shoreline was verified by fieid investigation.




Design of Shoreline Improvements. Preliminary planning and design of
alternative shoreline improvements to meet the general project objec-
tives of shore protection and beach restoration have been accomplished.
The design includes type, tocation, typical sections, construction
materials and costs for the alternative plans of improvement. Discussed
are protective beaches, structures including revetments, groins,
offshore breakwaters and shoals, and combinations thereof. Modifica-
. tion of the existing Hilo Harbor breakwater is also considered. The
designs generally follow the methodology contained in the Shore
Protection Manual (SPM) (U.S. Army Corps of Engineers, 1977). A1l
depths and elevations referred to in this report are referenced to
Mean Lower Low Water datum.

Assessment and Evaiuation. ‘hn engineering assessﬁént and evaluation
have beenmade of the feasibility and effectiveness of the alternative
plans of improvement in échieving the project objectives. Estimated
costs are presented based on recent prior U.S. Army Corps of Engineers
estimates for similar projects in Hilo Harbor and costs obtained from
product manufacturers and distributors. The adequacy of the existing
available baseline data and the limitations of the analytical techniques
used as they affect the accuracy and completeness of the study results
are addressed.

€
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Summary and Recommendations

1. The majority of the existing Hilo bayfront shoreline is
protected by a random dumped rock revetment which varies considerably
in construction, general condition and adequacy for wave protection.
Much of the revetment is in very bad repair, with armor stones dis-
placed and undermining extending 3 to 5 feet under the adjacent highway
shoulder in several locations. The revetment overtops during winter
geason north.swell wave attack, at times forcing closure of the highway
for a day or two. Little stable sand beach remains along the shoreline,
except for the eastern most 1,800 feet of the bayfront beach, primarily
as a result of man's interference with the natural coastal processes.
The present beach represents only a small portion of what was, in the
last century, a much wider beach.

2. Tradewind generated seas and North Pacific swell during the
winter provide the energy for sediment transport along the shoreline.
The Hilo breakwater blocks the direct approach of the deepwater trade-
wind waves, however, these waves do refract and diffract around the
breakwater and into the harbor. North Pacific swell waves approach
Hilo Harbor directly, and this, coupled with their larger size, makes
their impact on the shoreline much greater. Previous studies have
shown the net transport of sand to be west to east, in the surf and
swash zone. The primary sediment source for the bayfront beach is the
Wailuku River, The amount of sand along the shoreline presumably varies
directly with the amount of sediment discharged by the river and the
prevailing wave energy.

3. The numerical model shows that considerable divergence of wave
energy due to refraction occurs for all the deepwater wave periods and
directions affecting Hilo Harbor. Refraction coefficients are generally
between 0.1 and 0.3 for all the conditions tested. For tradewind waves
this is primarily a result of the breakwater blocking the direct
approach of the waves. Only a very small portion of the incident deep-
water wave energy can refract and diffract around Blonde Reef and the
breakwater tip to actually reach the bayfront beach. North swell, on



the other hand, approaches the shoreline directly. However, considerable
refraction occurs as the wave direction parallels the coastline for almost
8 miles before reaching the harbor entrance and results in a very narrow
corridor from which north swell wave energy can enter the harbor.

4, During the tradewind conditions the longshore energy flux is
generally less than about 10 ft-1bs/sec/ft of beach front, and the
greatest concentration of the energy 35 between shoreline stations 20+00
to 40+00 (Figure 2-3, page 18). During the winter season there is two
to four times as much potentia] energy flux along the shoreline, with
much more energy present along the western portion of the beach between
stations 5+00 and 20+00.

The energy flux is very sensitive to the angle of wave approach
to the shoreline. Where there jg existing sand along the shore, or if
the beach- should be restored, the beach will attempt to orient itself
_perpendicu]ar to the predominant wave direction and reduce the energy
flux and longshore transport.

The calculated energy flux jndicates that the greatest
potentia1 for transport both seasonally and annually is between stations
5+00 and 40+00, which agrees with what has been observed. Energy Flux
js concentrated at stations 10+00 to 15+00 and 20+00 to 40+00. The net
transport direction is west to east; however, there is an interesting
nodal point between stations 15+00 and 20+00, where the energy flux is
great1y'reduced or reverses direction. Energy flux at both ends of the
beach also reverses direction and moves east to west. During severe
storm wave attack (e.g., the 10-year return period storm event), the
potential energy flux can increase by two or three times above that
normally experienced during periods of north swell. These storms are
relatively brief and infrequent; however, they have the potential to
move a very large amount of sand in a short time.

5. The Bayfront Beach is well sheltered from approaching deepwéter
waves, and wave heights at the shoreline are greatly attenuated. Trade-
wind wave heights in the harbor are generally about 9% to 12% of the
deepwater height, with a 1ow of 2% to 4% for waves from due east. North
swell relative wave heights are greater, being about 10% to 30% of the
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deepwater height for 10- to 16-second waves from due north. Northwest
swell is greatly attenuated as it refracts around Pepeekeo Point and is
only 1% to 3% of its deepwater height inside the harbor.
Wave heights in Reeds Bay and the commercial port area are

further attenuated by diffraction around the breakwater and refraction
as they propagate across the harbor. Tradewind wave heights are
generally Tess than 29 to 3% of the incident deepwater heights in
Reeds Bay and the commercial port, respectively. North swell wave
energy reaching Reeds Bay and the port area is greater; however, wave
heights are sti11 generally less than 5% of the deepwater height.

6. The potential for longshore transport as shown by the energy
flux indicates the probable need for structures to help stabilize a
restored beach and reduce sand losses due to longshore transport by
either reducing the wave heights at the shoreline (offshore structures)
or assisting the beach to obtain a stable configuration perpendicular
to the incident wave approach (groins). There are feasible alternatives
from an engineering standpoint to meet the project objectives of protect-
ing the highway, enhancing beach recreation, and reducing longshore
transport and the resultant shoaling of the Wailoa River mouth. These
alternatives include beach replenishment.stabi1ized by groins or offshore
breakwaters, at a cost of about $9 million, or a lower cost perched beach
concept stabilized by Longard tubes. The Longard tubes cost less than
more conventional rock structures, a little over $3 million for comparable
improvements, however, their vulnerability to vandalism makes their
durability highly questionable. The Longard tubes could also be used
to construct an artificial surf shoal. A rock revetment is probably
the best and least costly method for protecting the backshore area
($3 mi1lion for the entire shoreline), however, it would not meet the
other project objectives. A reasonable plan of improvement would be to
combine portions of several of the alternatives. A plan including 2 surf
shoal, 2,000 linear feet of protective beach stabilized by rock groins to
reduce longshore transport, and 1,200 feet of rock revetment would enhance
recreational surfing, provide approximately 250,000 square feet of dry
beach area and protect the highway. The cost of this combination plan
would be about $6.1 million.



7. Decreasing the crest elevation of the seaward 7,000 feet of
the Hilo breakwater and constructing a 2,000-foot long stub breakwater
to protect the commercial port area will not significantly alter the
coastal processes along the bayfront beach shoreline.

8. The results of an analytical study such as this are only as
good as the data input. The results of this study could be made
significantly more accurate by quant1fy1ng in more detail and accuracy
the following:

- the wave climate at the entrance to Hilo Harbor (typical
he1ght, period and direction for a full year); and
- the relationship between longshore energy flux and the sand
transport rate applicable to the study area.
In addition, a hydraulic mode] study shouid be conducted to aid in the
design of an artificial surf shoal and to assess the impacts of modify-
ing the Hilo breakwater.
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EXISTING CONDITIONS

General Physiography

Hilo Harbor encompasses an area approximately 12,000 feet by
7,000 feet in the bight of Hilo Bay. The 10,070-foot-long Hilo
breakwater extends across the northeastern half of the harbor,
constructed on the relatively shallow Blonde Reef. The shoreline
on the west side of the harbor, north of the Wailuku River, is
comprised of steep, rocky basalt sea cliffs. The western two-thirds
of the 5,800-foot-long shoreline between the Wailuku and Wailoa
Rivers is primarily a rock revetment fronted by short stretches of
narrow black sand (lava basalt) beach, which is highly variable both
in size and location seasonally and from year to year. The eastern
one~third of this portion of the shoreline is fronted by a 100 to

" 150-foot-wide, relatively stable, black sand beach., The harbor

shoreline is bisected by the rocky and irregular shoreline of Waiakea
Peninsula. This area is extensively developed for tourists, including
hotels, restaurants and public parks and gardens. East of Waiakea
Peninsula are the small boat anchorage in Reeds Bay and the commercial
port facilities in Kuhio Bay at the far east end of the harbor. A
detailed site plan is shown on Figure 2-1.

_ Bathymetry and Bottom Conditions

Bathymetry. The water depth in the central portion of Hilo Harbor
generally varies between 35 and 45 feet. The controlling depth for
navigation in Kuhio Bay is 35 feet. Blonde Reef, which extends
almost two miles northwesterly from the southeast side of Hilo Bay,
has a width between the 30-foot contours of 2,500 to 4,500 feet and
depths generally ranging between 10 to 20 feet. Several deep holes
in the reef are 30 to 40 feet deep., The average nearshore bottom
slope along the bayfront beach, seaward of the.6-foot contour, is
about 1V on 50H. Closer to shore, landward of the 6-foot contour,
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the bottom slope is steeper, varying between 1V on 25H at the west
end to 1V on 104 atthe east end. A shallow, submarine delta extends
seaward at the mouth of the Wailuku River.

Bottom Sediments. Bottom and sub-bottom investigations have been
conducted in Hilo Harbor by Ocean Imnovators (1979) and M & E Pacific,
Inc. (1980). These studies were accohp]ished to determine the nature
of the bottom sediments and to define the extent and quality of
possible nearshore sand sources. Both of these studies were undertaken
for the U.S. Army Corps of Engineers in connection with the HACS. The
general areas investigated are labeled A, B, C, D and E and shawn on
Figure 2-1. Visual observation, jet probes, and surface and wash
samples were used to describe the nature of the bottom sediments.

The general bottom characteristics in the areas investigated are as

follows:

Area A. The bottom sediments in Kuhio Bay consist mainly of mud
(silt to clay range) at least 13 feet thick.

Area B. This area is the southeast portion of Blonde Reef. The
bottom is generally hard coralline reef partially covered by a 2 to
4-foot-thick veneer of fine sediment. Pockets and surge channels in
the reef flat not covered by sediments are overlain with scattered
basalt boulders, live coral heads, and coral rubble.

Area C. The bottom at the entrance to Reeds Bay generally
consists of sand, gravel and coral rubble about 7 feet thick over hard
coral reef material.

Area D. Area D consists of a deposit of fine to coarse black
volcanic sand suitable for beach restoration and nourishment. The
deposit is 95 to 99 percent sand, with a medium grain size about
0.5 mm, Specific gravity about 2.9 and organic content generally about
10 perceht. The sand is inside the 30-foot contour and varies from
about 15 to 25 feet thick. Estimates of the total volume range from
550,000 to 775,000 cubic yards. Seaward of the 30-foot contour the
sand becomes mixed with silt and mud, and at the 40-foot-depth is
primarily mud.

Area E. Along the bayfront beach, seaward of the 6-foot contour,
the bottom is essentially mud with some fine sand.

11



Currents and Circulation

Previous studies which included current measurements in Hilo
Harbor provide a good general picture of the circulation patterns.
These studies were summarized by Sea Engineering Inc. (1981) and
the summaries are presented in the following paragraphs.

The Public Health Service (]963)'conducted a dye tracer study
to determine flushing and mixing patterns in Hilo Bay. Rhodamine-B
dye mixed with sea water was released on six separate occasions from
May 6 to May 27, 1963. The PHS found that the surface layer movement
was generally seaward, out of the harbor, and could have been.due to
the easterly tradewinds present on the release days. Tidal changes
did not exert a significant_effect-on the released dye.

Neighbor Island Consultants (1973) measured selected physical,
chemical and biological conditions in Hilo Harbor during the period
of July 17 through August 21, 1972. Six one-day cruises were made to
track current drogues and surface drift bottles. Most of the work
was concentrated in the main ship channel and in Kuhio Bay. The data
indicated a two cell circulation pattern in the upper layers of the
harbor. The eastern cell, in Kuhio Bay, circulated clockwise with
the tide, while the western cell, centered northwest of Waiakea
Peninsula, circulated counterclockwise. The two cell circulation
system was fringed by small eddies and a constant seaward flow along
the breakwater. Net transport of the entire system was seaward, due
at least in part to fresh water runoff from the Wailoa and Wailuku
Rivers and ground water inflow. Salinity of the deeper harbor waters
‘indicated replenishment from the ocean; the depth and extent of the
inward flow was not defined. ,

M & E Pacific, Inc. (1977 and 1980) conducted the most detailed
studies to date of Hilo Bay. The studies included evaluation of
circulation characteristics, water quality, geological definition of
bottom typeé, and biological and fishery resources. Circulation
measurements were made with drogues and recording current meters.
Drogues were tracked on three days in April 1977, four days in March
1980, and four days in June 1980. Two current meters recorded data

12
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for three weeks in June 1980. The circulation measurements were
concentrated in the main reaches of the harbor and the harbor
entrance channel. Drogues were placed in the nearshore area off the
bayfront beach on only one day, April 7, 1977, A summary of the

M &E findings is as follows:

1. There is a two-layer salinity stratified pattern in Hilo
Harbor. Vertical stratification of the water column is caused by
the large amounts of fresh water entering the harbor from both ground
water and surface flow. The salinity gradient is more pronounced
during the wet season (winter).

2. The net transport of the surface layer is out of the harbor
at a rate dependent upon the quantity of freshwater input and wind
speed and direction. .

3. The subsurface flows at the harbor mouth are influenced by
the tide. During flood tide, subsurface flow was generally into the
harbor and during ebb tide the flow generally reversed. During ebb
tide, however, occasions were noted when an inward flow persisted
along the western half of the harbor mouth. Similarly, there were
times when the subsurface water along the eastern side of the
channel moved continually seaward, even during flood tide. Flood
and ebb tide current speeds in the harbor entrance area averaged
approximately 4 cm/second during the 1980 phase of the study. Current
meter data at the harbor entrance showed a net transport into the
harbor. The relatively small volume of tidal exchange (the tidal
prism} relative to the large cross-section areas of the harbor
entrance results in the very low tide-related currents.

4. The two cell circulation in the upper layer described by
Neighbor Island Consultants (1973) was not confirmed by the M & E
Pacific findings. Variations between studies and even between drogues
placed on the same day were thought to be due to eddies with higher
speeds than those associated with the tidal flow.

5. Drogues placed off the mouth of the Wailoa River on April 7,
1977 during an ebbing tide moved north and west, or in a seaward
direction. Drogue depths were surface and 5 feet.

13



Current studies nearshore in the vicinity of the bayfront beach
by Sea Engineering (1981) generally indicated weak and variable
currents, with the presence of eddies and tidal reversals. Wind
conditions were typical of the diurnal pattern prevalent in the
area. Early morning winds were from the south or west, shifting
to moderate trades by mid-morning. Current drogues near the
surface and at mid-depth between the 6 and 18-foot-contours seaward
of the bayfront beach were tracked during strong flood and ebb tides
and typical tradewind conditions. Current speeds were slow, ranging
from 1 to 10 cm/second.

The Bayfront Beach Shoreline

History. The history of the Hilo Bay area has been extensively
documented by Kelly, et al (1981) in a report prepared for the U.S.
Army Corps of Engineers. Three maps and charts from the late 1800's
and early 1900's reproduced in that report show the bayfront beach
with a significantly different configuration than the existing beach.
An 1825 detail chart of Hilo Bay shows a crescent-shaped beach with a
pronounced point {Cocoanut Point) protruding seaward at the west end
of the beach. The chart shows Waiolama Stream discharging across
the center of the beach. Although not to scale, the beach character-
jstics are indicative of a stable configuration and are similar to
those of natural beaches fronting stream mouths at other locations in
Hawaii. An 1882 map of Hilo Bay, drawn to 1" = 1,000' scale and
registered with the State Surveyor's Office, shows the same beach
characteristics as the 1825 chart (Figure 2-2a). A third map in the
report was based upon an 1891 government survey and drawn to 1:2400
scale. This map shows the discharge of Waiolama Stream skewed to the
west by the buildup of a beach berm on the east side (Figure 2-2b).
This stream discharge configuration is indicative of a predominant
longshore transport to the west.

"In 1901, the Hilo Railroad Company was requested ... to extend
the line a mile and a half from Waiakea, along the beach at Hilo Bay,
to Hilo town ... The railroad line from Waiakea was completed in 1903,

14



Figure 2-2a.

Chart of Hilo Bay, 1882 (from Kelly et al.,
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running across the Wailoa River and along the black sand beach of Hilo
Bay, to Hilo town" (Kelly et al., 1981). The railroad line was protected
by a rock revetment. A circa 1916 photo looking west from the vicinity
of the Wailoa River shows a crude erosion barrier near the river mouth,
and a narrow black sand beach extending all along the shoreline. A

map made in 1921 by the U.S. Army Engineer Office shows the railroad
track on the beach befh, and also shows what is presumably a sand
shoreline seaward of the railroad line.

Waiolama_ Stream, before 1915, was situated nearly in the center
of the crescent beach sufrounding Hilo Bay, between the Wailuku and
Wailoa Rivers. Between 1915 and 1923 the river and adjacent wetlands
were Tilled and the river flow diverted by canal to the Wailoa River.
An estimated 250,000 cubic yards of black sand from the beach was used
as fi11 material (Kelly et al., 1981). An aerial photo {circa 1923)
showing the western end of the bayfront beach and the Wailuku River
shows no evidence of a sand beach remaining.

Several storm drains have been constructed along the bayfront
shoreline. The lafgest of these is the Punahawaii relief box culvert,
built about 1925 just west of the center of the bayfront beach. The
culvent was approximately 10 feet wide by 5 feet high, built upon
pilings and extended about 50 feet into the bay. At Tow tide children
wou]dip]ay on the beach under the culvert (Kelly et al., 1981).

ﬁo]]owing the 1946 tsunami (between 1949 and 1951), the existing
bayfront highway was built along the railroad right of way, with a rock
revetﬁent along the shoreline constructed as part of the highway
embankment. The shoreline, at least at the west end of the bayfront
~ beach,| has now been moved so that Cocoanut Point protrudes only
s]ighﬁ1y beyond the revetted shoreline.

Moberly and Chamberlain (1964) sum up the present condition of the
shoreﬂine by stating, "The present beach represents only a small portion
of whit was, in the last century, a much wider beach."
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Existing Condition. A visual inspection of the bayfront shoreline
between the Wailoa River and the Wailuku River was conducted in August
1982. A black sand beach extends approximately 1,800 feet west of the
Wailoa River, at which point the bayfront highway intersects the shore-
line and runs parallel to it for approximately 4,000 feet. The shore-
line fronting the highway is generally protected by a rock revetment
which varies considerably in construction, general condition, and
adequacy for wave protection. According to an "as built" drawing of
the shoreliné revetment, it is constructed of a single layer of 2- to
3-ton armor stone placed on a 1V on 1.5H slope over existing rock fill.
This armor stone size is adequate for wave protection; however, the
single layer construction over small size fi11 material has resulted

in the fi11 material being eroded through voids in the armor layer,
with resultant undermining of the armor stone foundation and collapse
and displacement of the armor stone itself. Undermining extends 3 to

5 feet underneath the road shoulder in several locations. Portions of
the revetment have been grouted with concrete in an apparent effort to
prevent its failure. The rock revetment also varies in side slope,
ranging from near vertical to the "as built" design slope of 1V on 1.5K.
Portions of the shoreline are fronted by a black sand beach which does
not show on a September 1979 shoreline survey by the U.S. Army Corps of
Engineers, indicating the transient nature of sand along this shoreline.
The rock revetment crest elevation varies between 9 and 12 feet above
mean lower low water. The highway is generally lower than the revet-
ment, béing as low as 7.5 feet in places. Many of the storm drains
which extend through the revetment are broken and/or plugged. The
Punahawaii culvert is twisted and the culvert sections are disjointed.
The general configuration of the shoreline is shown on Figure 2-3,

with position along the shoreline indicated by station numbers repre-
senting feet west to east from Cocoanut Point (e.g., Sta. 10+00 =

1,000 feet). Typical shoreline profiles are shown on Figure 2-4, and
the general nature of the shoreline is summarized in Table 2-1.
Photographs illustrating the existing shoreline are shown in Figure(s)
2-5a-c.
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Table 2-1. EXISTING SHORELINE CONDITION

Station Shoreline Condition

0+00 to 7+00 The shoreline in this reach is protected
by a rock revetment which is in good
condition, The side slope is steeper
than desirable, however, the revetment
appears to be functioning satisfactorily.
See photograph 2-5a,

7+00 to 25+00 The shoreline is composed of random
dumped rock, grouted in places with
concrete. Portions of the shoreline
are fronted by a black sand beach with
1V on 10H slope. Much of the rock is
undersized and poorly placed for adequate
wave protection. Small rocks and cobbles
along the shore likely become wave tossed
debris during storms. This reach is very
poorly protected and could be expected to
sustain considerable damage during wave
attack, particularly the northern end of
the reach. See photograph 2-5b,

25+00 to 40+00 The shoreline in this reach is protected
. ' by a singie layer of armor stone with a

side-sTope of approximately 1V on 1.5H,
apparently placed over unconsoclidated
fi11 material. Erosion of fill material
between voids in the armor stone has
resulted in collapse and displacement of
the armor stone and undermining of the
road shoulder in several areas. The
revetment is presently fronted by a 50 to
100-foot-side sand and debris beach. This
beach does not appear on a 1979 survey of
the shoreline. Considerable organic
debris (grass, twigs, etc.) is present
along the shore. See photograph 2-5c.

40+00 to 58+00 Black sand beach fronting a wide, grassed
park area. Beach slope is 1V on 11H. The
sand is medium grain size, well-sorted,
volcanic rock fragments.
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a. Looking west from
Station 18+00. Note
broken Punahawaii box
culvert in foreground.

b. Looking west from
Station 25+00.

c. Looking east from
Station 25+00.

Figure 2-5.

Existing Shoreline Condition
August 10, 1982.

21



Sediment Source

M & E Pacific, Inc. (1980) states that the sediment load to Hilo
Harbor is primarily attributable to the Wailuku River. From data
collected by the U.S. Geological Survey for one year, the estimated
sediment load from the Wailuku River is approximately 12,000 tons per
year. The data also shows that normally less than 10 tons per day
of sediment is discharged, and thus most of the sediment is trans-
ported by a few large storm discharges each year. During a two-day
rain storm in March 1980, .judged to be in the order of a 10-year
return period storm, an estimated 4,000 tons of sediment was trans-
ported to Hilo Harbor by the Wailuku River. No estimate of the
percent of sand-sized material carried by the river is available.

General Coastal Processes

The bayfront beach has undergone considerable change in the past
100 years as physical changes to the shoreline and the nearshore area
altered the coastal processes of the area. Méps and charts from the
jate 1800's and early 1900's show that prior to about 1900 the bayfront
shoreline was fronted by a crescent-shaped beach, bounded to the west
by Cocoanut Point and to the east by Waiakea Peninsula, The beach was
black volcanic sand of terriginous origin, presumably carried to the
shore by the Wailuku, Waiolama and Wailoa Rivers.

Construction of a railroad line and later a highway along the
top of the beach, both protected by a rock revetment, and the use of
250,000 cubic yards of the beach sand to fi1l the Waiolama River not
only altered the shape and configuration of the shoreline but also
used its own sand to eliminate one of the beach's sources of nourishment.
Probably the most significant factor in altering the bayfront coastal
processes was the construction of the Hilo breakwater.

22
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The breakwater has reduced wave energy from the east and northeast,
and has thereby considerably reduced the mechanism for sand transport
to the west. Only northerly waves and diffracted tradewind waves can
now reach the shore, resulting in a primarily one-way longshore trans-
port of littoral material toward the east. In addition to the one-way
sand transport, energy refiection from the existing rock revetment
jnhibits the accretion of sand. Except for approximately 1,800 feet
at the east end of the bayfront shoreline, there is presently no
stable dry sand beach fronting the revetted shore.

The tradewind generated waves and north swell during the winter
provide the energy for sediment transport along the shoreline. The
Hilo breakwater blocks the direct approach of the deepwater tradewind
waves. These waves do, however, refract and diffract around the
breakwater and into the harbor. The net transport is apparently to
the east along the bayfront beach, as evidenced by previous studies
(Sea Engineering, Inc., 1981) and the configuration of the shoreline.
Transport measurements during the summer showed net transport to the
east at a rate of 5 to 6 cubic yards per day. Existing barriers to
longshore transport {e.g., the Punahawaii box culvert) have accretted
sand on their west sides, indicative of the predominant transport to
the east.

During the winter months north Pacific swell is present. These
waves from the northwest and north approach the harbor directly and
also move sediment to the east. The north swell waves are consider-
ably larger than the tradewind waves, and thus their impact on the
shoreline is much greater.

The coastal processes and sand transport are not only governed
by the available wave energy, but also by the amount of nearshore sand

 available for transport. The Wailuku River is an active sediment

producer, however, most of the material is discharged during storm
(high rainfall) occurrences. Once the sediment discharged by the
storm flow of the river is moved eastward, material available for
transport is limited until the next large sediment discharge by the
river. :
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Field Investigations of Sediment Transport

General. There are three possible zones of nearshore sediment transport
along the bayfront beach:

(1) Transport in the swash zone due to the skewed uprush and
backrush of the waves; : .

(2) Transport in the surf zone, where the sand grains are
suspended by the breaking wave turbulence and then transported by
longshore currents; and

(3) Bedload transport seaward of the surf zone due to the
passage of unbroken waves Or by strong currents.

"Field investigations of sediment transport conducted by Sea
Engineering, Inc. (1981) indicated that the transport was primarily in
zones 1 and 2. These investigations were conducted in August, during
the summer season, when the wave climate js very mild. Because the
wave heights are low and periods short, there is 1ittle movement of
sediment beyond the surf zone. In addition, due to the relatively
steep nearshore bottom slopes, the waves break at or very near the
shore and the surf zone is narrow. During the summer season the swash
zone and surf zone are essentially the same.

Bedload Transport. Nearshore bedload sediment transport along the
bayfront beach was measured by Sea Engineering, Inc. (1981) using VUV
pressure difference sampiers. The estimated efficiency of these
samplers is 70 percent (Hubbell, 1964), The samplers were located at
Sta. 13+00 and Sta. 47+00 (see Figure 2-3) approximately 30 feet seaward
of the m11w 1ine in approximately 4 feet of water. Transport was
measured for slightly over 10 days during late August. Longshore
bedload transport averaged about 0.08 to 0.15 cubic feet per foot of
beach width per day. Onshore/offshore transpori averaged less than
half the longshore transport rate. Median grain size of the sediment
coliected at Sta. 15+00 was about 1.4 mm {coarse sand and gravel),
and at Sta. 40+30 was about 0.2 mm (fine to medium sand). This
distinct variation in grain sizes is jndicative of a more severe

24



T e et e ettty e o

'
AL g aayal

wave climate at the western end of the beach.

Swash Zone Transport. Most of the sediment transport along the
bayfront beach takes place on the relatively narrow beach swash
zone. To measure transport in the swash zone a temporary groin,
consisting of 150-pound sand filled bags, was constructed from
above the high water mark to the -2.5 foot depth in the vicinity
of Sta. 30+00 (Figure 2-3). Beach elevation changes were measured
on both sides of the groin, and volume changes were then computed

for each transect 1ine using Simpson's Rule for irregular areas.

The net longshore transport rate based on the groin measurements

was about 5-6 cubic yards/day moving east toward the Wailoa River.
This rate may be low because the efficiency of the groin was somewhat
less than 100% due to a loss of material around the seaward end of
the groin and the movement of some material over the top. Littoral
environment observations during the measurement period showed wave
heights at the shore to be less than 1 foot and the wave period to
be about 6 seconds. The deepwater significant wave height and period
as measured by the Makapu'u wave bugy {see the report section on
wave climate data) was about 2 feet and 7 seconds during this period.
Dye along the shore moved east at speeds of 2 to 6 feet per minute.
The sand trapped by the groin had a median grain size of 0.65 mm and
was well sorted. Because of the large seasonal differences in wave
energy entering the harbor during the summer and winter, this
transport rate measured during summer conditions is probably a lower
bound. The rate may be much higher during winter north swell periods
when there is considerably more energy reaching the shoreline,

Hilo Breakwater

()

The Hilo breakwater was constructed in increments, beginning in
1908 and completed in 1929. A detailed documentation of the construc-
tion is presented by Kelly et al.(1981). The existing length of the
breakwater is 10,070 feet, and it is constructed on Blonde Reef in
water depths of about 10 to 20 feet. The breakwater is of rubblemound
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construction, originally with a single layer of 8-ton minimum armor
stone on the crest and seaward slope to a depth of -3 feet. The armor
stone was placed over a quarry run core, with minimum stone weight of
25 pounds and three-quarters of the core stone by weight greater than
1 ton. The crest elevation is +11 feet and the seaward slope is 1.5H
to 1V. A typical breakwater section is shown on Figure 2-6. The break-
water has been repaired and rehabilitated over the years, and recently
the Tandward end has been improved with tribar concrete armor units,

The breakwater has considerably reduced wave energy along the
Hilo Harbor shoreline, particularly the Prevailing tradewind wave
energy from the northeast and east., Dye studies of wave induced water
transport through the breakwater by M & Pacific, Inc. (1980) indicated

during the wet season, The'ﬁifference was attributed to changes in the
hydraulic head inside the harbor as a function of freshwater inflow,
Seas during the breakwater permeability tests were less than 5 feet,

M & E Pacific (1980) also states that construction of the breakwater
has had a detrimental effect on water quality in the harbor and has

had an especially detrimenta] impact on Blonde Reef. They state

that the elimination of breaking wave éneérgy and transport across

the reef has reduced the exchange rate within the harbor and increased
sedimentation on Blonde Reef,
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COASTAL ENGINEERING DESIGN PARAMETERS

General Wind and Wave Considerations

Wind. The climate in Hawaii is characterized by two distinct seasons,
primarily defined by the annual variation in persistence of the north-
east tradewinds. During the summer months of about May through
September,the tradewinds predominate, blowing out of the northeast

80 to 90 percent of the time with speeds generally from 10 to 25 mph.
The winter season,from about November through March,is characterized
by a weakening of the tradewind persistence and the occurrence of
southerly or westerly winds as a result of localized low pressure and
frontal systems. The months of October and April are generally
considered transitional periods between seasons.

The northeast coast of the island of Hawaii is exposed to the
direct approach of the northeast tradewinds. However, in the Hilo
area the tradewinds are modified by the presence of the large mountains,
Mauna toa and Mauna Kea. During typical east-northeast tradewind
conditions, the wind speeds nearshore off East Hawaii are lighter
than over the open ocean. This area of lower wind speed is centered
around Hilo. The lower wind speeds are caused by the stagnation effect
of the tradewinds hitting the high mountains directly behind Hilo.

In addition, the temperature differential between land and sea results
in the formation of a land/sea breeze system in the Hilo vicinity,
which alternately reinforces and opposes the weakened tradewind flow.
A wind rose for the years 1965-1974 based on data obtained at the Hilo
Airport is shown on Figure 3-1. The average wind speed is about

8 mph (Atlas of Hawaii, 1973).

Waves. Hilo Bay is exposed to deepwater waves generated from the
north-northwest clockwise to the east. Two primary wave types from
these directions affect the study area, as illustrated on Figure 3-2:
(1) the prevailing tradewind generated waves from the northeast; and
(2) MNorth Pacific swell. The Hilo area is protected by the isiand
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jtself from South Pacific swell and storm waves from the west.
Tradewind waves may be present throughout most of the year, but
are most frequent between April and September, the summer season,
when they usually dominate the local wave climate. They result from
the strong and steady tradewinds blowing from the northeast quadrant
over long fetches of open ocean. Typjcal]y, the deepwater tradewind
waves have periods of 6 to 8 seconds and heights of 4 to 10 feet.
North Pacific swell is produced by severe winter storms in the
Aleutian area_of the north Pacific Ocean and by mid-latitude low
pressure areas. North swell may arrive in the Hawaiian Islands
throughout the year but is largest and most frequent during the
winter months of October through March. North Pacific swell typically
has periods of 10 to 16 seconds and heights of 5 tp 15 feet. Some of
the largest waves reaching the Hawaiian Islands are of this type.
In addition to the primary wave types, infrequent tropical storms
and hurricanes may generate large waves which affect the study area.
For this study, the Hilo area was assumed to be affected by
deepwater waves refracting and diffracting around the island from
about the northwest (315° TN) clockwise to about due east (90° TN).
A11 wave directions in this report are referenced to true north (° ).
KWave climate seasons are divided into winter (October through March)
and summer (April through September).

Prevailing Deepwater Wave Climate Data

Qualitative and quantitative 1nformation'on the height, period,
direction and frequency of occurrence of the prevdiling wind waves
in Hawaii has been developed by local and Federal government agencies
and the University of Hawaii beginning in the early 1960's. The
following paragraphs summarize the methodology and results of these
studies. Data base locations are shown on Figure 3-2.

Marine Advisors (1964). This study characterized the "deepwater
waves in the Oahu area for a typical year", based primarily on
hindcasts of meteorological data. Monthly, seasonal (winter -
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December through March,and summer -April through November) and annual
summaries of significant wave height and period and frequency of
occurrence by direction (16 sectors of‘22.5°) are presented.

The "typical" year used for analysis was actually a composite
consisting of data for January-March 1951, April-June 1963, July-
November 1962, and December 1952 in order to be able to satisfy the
"typical in all aspects" criterion Wwith ‘the..iAformation that: was
available. Wave statistics for the summer season northern hemisphere
swell were og;ained by correlating wave data information from the U.S.
Navy, U.S. Weather Bureau synoptic weather charts,and from both wave
gauge and visual observations at Kahuku Point on.0ahu. Wave
statistics for the winter months of December through March were
derived by wave hindcasting from the Synoptic Series of Historical
Weather Maps, Northern Hemisphere, published by the U.S. Weather Bureau.

Table 3-1 presents seasonal wave climate statistics derived by
averaging the Marine Advisors monthly distribution of wave frequency
of occurrence. Direction classes are based on the Marine Advisors
direction classifications.

Ho and Sherretz (1969). Wave height and direction observations made
twice daily by U.S. Coast Guard personnel at the Makapuu Lighthouse
on the eastern tip of Oahu and Kilauea Lighthouse on the north coast
of Kauai have been tabulated for the seven-year period 1961 through
1967. The observations are obtained by visual estimate of prevailing
conditions at a distance of 300 to 400 yards offshore and are con-
sidered representative of the open ocean. Wave heights (crest to
trough) are estimated in feet, and the direction (° TN} from which
the waves are moving is estimated to the nearest eight-point compass
point. Ho and Sherretz tabulated the data by month (e.g., January
data is the average of seven Januarys) in order to study possible
seasonal variations.

The mean wave height at Makapuu varied little throughout the
year, and Ho and Sherretz hypothesized that the large north swell
from the northwest generated by Aleutian storms is blocked by the
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Table 3-1.

Seasonal Distribution of Deepwater Waves Affecting Hilo
Based on Marine Advisors (1964) Data: Percent Frequency
of Occurrence of Significant Height {(H_, feet) and
Period (Ts’ sec) and Direction ( ™) 3

summer {(April-Sept.)

T
Hnds 780 9-10.9 11-12.9 13-14.9 15 Total

NH
(3040-348%)

1-1.9
2-3.9
4-5.9
6-9.9
10-13.9
14
Total
N .
(3490-033°)
1-1.9
2-3.9 0.5 _ 0.5
4-5.9 0.6 0.6
6-9.9 0.6 0.6
10-13.9
14
Total 0.5 1.2 1.7
NE
(034°-078°)
1-1.9
2-3.9 4,9 3.1 8.0
4-5.9 5.5 5.4 10.9
6-9.9 8.6 7.1 9,7
10-13.9 -
14
Total 10.4 17.1 1.1 28.6
E .
(079°-101°) .
' 1-1.9 |
2-3.9 6.0 7.7 0.6 14.3
4-5.9 11.0 24.1 4.3 39.4
6-9.9 0.6 2.7 0.6 3.9
10-13.9
14
Total i7.6  34.5 5.5 57.6
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Table 3-1.
(Continued)
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island of Oahu and is not represented in the Makapuu data. The
Kilauea data, on the other hand, exhibits a marked seasonal variation
in wave height values, with mean values being higher in winter than
jn summer. The Kilauea data is likely very representative of the open
ocean, relatively deepwater, wave climate from the northwest to the
east.

Figure 3-3 presents the mean height and maximum height during the
seven-year period and the average maximum height (arithmetic mean
of each month's maximum) in feet versus the months of the year as
cbserved at Kilauea. The standard deviations of the mean height are
also shown. The marked summer-winter seasonal wave climate differences
are apparent, particularly the difference in maximum wave heights.
Standard deviations are smaller in the summer, probably due to the
“steady" tradewind 1nf1uencé. The mean monthly wave direction at
Kilauea is also shown on Figure 3-3. The seasonal change in mean
wave direction is apparent, the winter combination of tradewind waves
and north swell producing a north-northwast mean direction and the
summer tradewinds being more easterly.

SSMO (1971). Open ocean wave statistics have been compiled by the

U.S. Naval Weather Service Command in the Summary of Synoptic
Meteorological Observations (SSMO) - Hawaiian and Selected North
Pacific Island Coastal Marine Areas. The SSMO data was obtained
through direct synoptic observations by ships in passage and represents
average conditions recorded during the 8-year period from 1963 to 1970.
The wave data is summarized both monthly and annually and is presented
two ways. Sea waves generated by Tocal winds in the vicinity of the
observer are presented as percent frequency of sea height versus
surface wind speed and direction (8 compass points), and percent
frequency of wave height versus wave period. For the latter presenta-
tion when both sea and swell waves are present, the higher of the two
is used. If both are the same height, the longer period is recorded.
Sea is defined as waves generated by winds in the vicinity of the
observer, and swell as waves generated by winds distant from the local
area of observation. It must be noted that ships tend to avoid bad
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weather when possible, thus biasing the SSMO data toward good weather
samples (and thus lower wave heights),

The seasonal distribution of wave heights by direction based on
SSMO data is shown on Table 3-2, and the annuai percent frequency
of wave height versus wave period is shown on Table 3-3. Inspection
of this data shows that the longer period, higher wave height north

~ swell is not well represented in the SSMO data because of the ships!'

avoidance of large waves and bad weather and, perhaps even more so,
because the longer period swell (12 to 20 seconds) may be masked from
visual observation by shorter period local wind waves superimposed on
top of the swell.

Shimada (1973). This report compares the energies of north Pacific

storm waves and tradewind waves seaward of Kaneohe Bay on the north-
east (windward) coast of Oahu. This area is exposed to waves from

the north and east and is sheltered by the island itself from waves
from the south or west. Wave heights and periods were measured over a
6.5-month period (January-August 1971) using a pressure sensor wave
gauge located at about the 25-foot depth. Surface weather maps,
surface wind summaries, and marine forecast records from the Natinnal
Weather Service and the Navy Fleet Weather Central were examined to
determine the time and location of north Pacific storm and tradewind
occurrences during this period. Corresponding wave height records

were then selected, and wave energy spectra as a function of wave
frequency were calculated. Among the weather conditions investigated
were a gale 750 miles to the northwest, a low 3,100 miles to the
northwest, a storm 1,250 miles to the north, and étrong and weak
tradewinds. Strong tradewinds are defined as periods during which.

the winds in the channels between islands were approximately 25 knots
or greater. The results of the study showed that the average total
energy of all the speactra for the strong Tocal tradewinds was found to
be greater than the average total energy of all the spectra for identi-
fiable storms. 1In addition, the average total energy of all the spectra
for the strong Tocal tradewinds was twice as great as that for the
weaker tradewinds. The period of peak energy for northerly storm waves
was generally centered on a steep peak between 12-15 seconds or greater,
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Table 3-2.

Average Seasonal Distribution of Percent Frequency
of Wave Heights by Direction Based on SSMO Data.

Summer { April to September)

N N NE E Total

H, ft. 2920-3370 3380-220 230-67° 68°-1120 T
2 0.7 2.0 . 4.9 11.9 19.5
2-4 0.3 2.7 7.6 24.9 35.5
4-6 0 1.5 4.8 15.7 22.0
6-9 - 0.4 0.6 2.3 9.1 12.1
9-12 0 0.1 0.2 5.2 5.5

12 0 0.02 0.03 0.03 0.08

Total 1.1 6.9 19.8  66.8 94,7

Winter (October-March)

NW N NE £ Total

Hoft. 2920.3370  3380-220  230-670  680-1120 T
2 0.6 3.0 2.3 11.0 16.9
2-4 0.7 2.5 6.5 13.2 22.9
4-6 0.4 1.4 4.1 11.9 17.8
6-9 0.4 1.3 3.8 9.3 14.8
9-12 0.05 0.3 0.4 1.9 2.7
12 0.05 0.1 0.2 0.5 0.9
Total 2.2 8.6 17.3 47.8 76.0

Table 3-3.

Annual Percent Frequency of Wave Height (H, ft.)
Versus Wave Period (T, sec) Based on SSMO Data.

N <? 2-4 4-6 6-9 9-12 >12  Total
<6 9.7 17.9 9.4 4.6 0.4 0.1 42.1
6-7 1.3 6.9  10.8 8.6 1.7 0.2 29.5
8-9 0.3 1.6 3.8 6.8 1.6 0.5 14.6

10-11 0.1 0.4 0.9 2.6 1.1 0.5 5.6
12-13 0 0.1 0.3 0.8 0.5 0.1 1.8
>13 0 0 0.1 0.2 0.2 0.1 0.6
INDET 3.2 0.8 0.7 0.5 0.1 0 5.3
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while tradewind wave energy was primarily contained in a relatively

- flat, broad peak from 5 to 10 seconds.

Coastal Data Information Program. The Coastal Data Information Program

(CDIP) is a 6-year-o0ld coastal wave data collection and analysis
program conducted by Scripps Institution of Oceanography under the
sponsorship of the South Pacific Division, U.S. Army Corps of
Engineers,and the California Department of Boating and Waterways.
This system consists of 31 wave monitoring stations, primarily
Tocated on the west coast, connected to a central data acquisition
and analysis station at Scripps Institution. The system provides near
real time data processing. In August 1981 Hawaii was added to this
program with the installation of a Datawell Waverider wave buoy five
miles east of Makapuu Point, Oahu, in 600 feet of water, The buoy
transmits wave data to shore, where it is directly linked by telephone
line to the computer at Scripps Institution. The buoy is "called" by
the computer at 6-hour intervals for approximately 30 minutes of data
collection. Monthly data summary reports are published which present
daily summaries of significant wave height, total energy, and percent
energy by frequency in 2-second bandwidths from 4 to 22 seconds.,
Monthly summary reports for the Makapuu buoy were available for
August 17, 1981 through May 31, 1982. Annual reports are also prepared
which present cumulative wave height and period probabilities, height
and period frequency of occurrence and seasonal probability of exceed-
ence, and the joint distribution of height versus period. Unfortunately,
the 1981 annual report only includes the Makapuu Po1nt data for 4.5
months (August-December 1981),

The significant wave height probability distribution for both
the summer and winter season based on the CDIP data is shown on
Figure 3-4. The considerable difference in the seasonal wave climates
is well evidenced by this data. During the summer the wave heights
are about 5 feet or less 50 percent of the time and exceed 8 to 10
feet only about 10 percent of the time. A significant increase in
wave energy is evident during the winter, when wave heights are 7 to 8
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feet 50 percent of the time and exceed 10 feet about 20 percent of the
time. Maximum deepwater heights recorded during the winter were 18
to 20 feet. The dominant wave period also changes seasonally, as
shown on Figure 3-5. During the summer over 50 percent of the wave
energy is contained in the 4 to 8-second wave period band, which is
typical of tradewind conditions. During the winter about 40 percent
of the energy is still contained in the higher frequency 4 to 8-
second period band; however, 50 percent of the energy is contained

in the period- band from 8 to 14 seconds, indicating a mix of both
local wind waves and Tonger period swell.

The Makapuu wave bucy is exposed to south swell and local wind
waves from the southeast to the southwest, and thus the data is not
entirely representative of the wave climate at Hilo, particularly
during the summer season. However, the island of Oahu does block
the direct approach of waves from the west and northwest, which is
more common during the winter and from which Hilo is also shielded,
thus the data is probably very typical of the winter deepwater wave
climate in the Hilo area.

Deepwater Storm Waves

Available data for deepwater storm waves approaching Hawaii
from the north Pacific was statistically analyzed to determine the
frequency of storm wave height as a function of return period. The
return period is the average interval between occurrences of a given
event. The technique used for wave prediction is to calculate an
equation of best fit for the available data, and then assume that
extrapolation beyond the range of that data is valid. Gumbel's (1958)
first asymptotic distribution has been shown to provide the best fit
for extreme wind and wave prediction and was used for this analysis.
Data sources for historical information on severe north Pacific
storms included:

1. Hindcasts by Marine Advisors, Inc. (1963) for deepwater
water conditions produced by the ten worst storms of the 15-year
period from 1947 to 1961;
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2. Hindcasts of deepwater wave heights and periods at different
locations in the Hawaiian Islands by the U.S. Army Engineer District,
Honolulu (1967),for 17 major storms occurring near the islands
between 1947 and 1965;

3. Hindcasts of storm waves occurring in November-December
1969, November 1970, and January 1974.

When these sources provided slightly differing information for
the same storms, the wave height and period most applicable to the
study area were used. The predicted deepwater significant wave height
versus the estimated return period for storm waves affecting the study
area is shown in Table 3-4. The storm waves are estimated to have a
duration of one to three days.

Table 3-4

Deepwater Significant Storm Wave Height
Versus Return Period

Return Period Wave Height

(Years) {Feet)

1 5.0

2 11.5

5 18.0

10 22.5

15 25.0

20 26.5

30 29.0

50 - 32.0
Typical storm wave periods are 10 to 14 seconds.

Selected Deepwater Wave Parameters

Based on an inspection and analysis of the wave data contained
in the sources discussed in the previous paragraphs, the seasonal
deepwater wave climate as shown on Table 3-5 was selected as being

43



representative for the Hilo area. The summer season is comprised
entirely of tradewind generated seas. Light tradewind (winds less
than about 20 mph).waves predominate 70 percent of the time, primarily
from the east-northeast. During the winter the wave climate is a mix
of north Pacific swell,with heights of 5 to 15 feet and periods from
10 to 16 seconds from the north-northwest and north, and tradewind
waves,with heights of 5 to 8 feet and periods of 6 to 8 seconds.

For analysis of the impact of infrequent but severe local storm
waves, a 10-year return period storm from the due north was selected.
Deepwater wave height and period parameters for this storm are 22.5
feet and 12 seconds.

Table 3-5
Selected Deepwater Wave Climate

Significant
Deepwater
% Frequency of Wave Height Significant Deepwater
Occurrence {ft.) Period (sec.) Direction ("TN)
S(UMMER 45% 5 6 90°
(April- 0
Sept. ) 25% 5 6 45o
18% 8 8 g0
129 8 8 45°
WINTER 174 10 12 315°
(Oct.- . 0
Mach) 3% 15 16 3150
12% 10 12 0
3% , 15 16 0°
10% 5 10 0°
304 5 6 a0°
10 5 6 45°
5% 8 8 90°
5% | 8 8 45°
5% Calm
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Tide

————

Tide levels in Hilo Bay reported by the U.S. Department of
Commerce, Coast and Geodetic Survey are as follows:

Highest Tide Observed (8/25/61) 3.8 feet

Mean Higher High Water ) 2.4 feet
Mean High Water 1.9 feet
Mean Tide Level 1.1 feet
Mean Low Water 0.3 feet
Mean Lower Low Water 0.0

Lowest Tide Observed : -1.6 feet

A11 elevations in this report are referenced to the mean lower
low water (mllw) datum.

Wave Transformation from Deep to Shallow Water

General. The analysis of coastal processes and the determination of

design criteria rely on being able to predict the nearshore wave
conditions given the deepwater wave climate. A quantitative descrip-
tion of longshore sediment transport or design wave conditions for
shoreline structures is based on the wave characteristics in the surf
zone of a wave that has traveled over a variable bottom and around
physical obstacies from deep to shallow water.

Deepwater waves approaching land are altered by refraction as
they pass over changing bottom contours, shoaling -as they move from
deep to shallow water, diffraction as they pass physical obstacles
such as natural points of land or manmade breakwaters, energy 10ss
due to bottom friction, and ultimately by breakzng The following
paragraphs discuss these phenomena as they apply to the study of waves
in Hilo Harbor.
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Refraction. Linear wave theory shows that wave celerity is propor-

tional to the water depth in which it is propagating. As the water
depth decreases, the wave celerity decreases, and the wavelength
must decrease proportionally. As waves move at an angle over under-
water contours, the part of the wave in deep water moves faster than
the part in shallow water and the wave crest bends or refracts
toward alignment with the bottom contburs. This change in wave
direction of different parts of the wave results in convergence or
divergence oflwave energy and has a major influence on the wave
height and distribution of wave energy along a coastline.

Wave refraction is a function of wave direction and period and
bathymetry. Linear wave theory relates the celerity, C, of a wave to
these parameters by the formula

= (8L _2nd (1)
C f2“ tanh T
where L = wave length

g = acceleration of gravity

T = wave period

d = water depth

Refraction is significant when the water depth is less than one-half
the wavelength, and in shallow water (d/L < 1/25) the velocity

equation reduces to C = Ya/d.
The total energy, E, in a wave crest per unit width can be

approximated by
2
E = ggg-L (2)
where H = wave height. If orthogonals are constructed perpendicular
to the advancing wave crests, they will converge or diverge due to

refraction. The energy between two orthogonals a distance b apart
is given by

2
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Assuming no energy flows laterally along a wave crest (energy
transmitted shoreward remains constant between orthogonals), then

EgHiLbQ o QQHZLb | ()

H _[‘EQ (The subscript o denotes (5)
H, b deepwater conditions)

and thus
which is the refraction coefficient, KR. If the energy transmitted
forward remains constant, then as the distance between orthogonals
changes, either converging or diverging, the wave height must increase
or decrease, respectively. Snell's Law of geometrical optics (Munk
and Arthur, 1951, Weigel, 1964 and Ippen, 1966) can be used to solve
the problem of wave refraction.

At Hilo considerable divergence of wave energy by refraction
occurs for all of the incident deepwater waves, and thus only a portion
of the deepwater energy actually reaches the bayfront beach shoreline.

Shoaling. As waves move from deep to shallow water, they are subject
to a second transformation in addition to refraction. The wave power
transmitted forward (average energy flux) is proportional to the

energy of the wave and the wave speed. If the rate of shoreward energy
transfer remains constant, as the wave slows down in shallower water,
the wave height must increase. The ratio of the wave height in shallow

water to the deepwater height is given by (Worthington and Herbich, 1970).

.ok
H 1 (6)
H'g 2kd

T+—gon kg tanh K

where HY is the unrefracted (equivalent) deepwater wave height and
K = 2n/L. This ratio is known as the shoaling coefficient, K-
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Diffraction. As waves propagate shoreward into Hilo Harbor, they are :

interrupted by the breakwater. The portion of the wave striking the
breakwater will have some energy reflected and the rest dissipated by
breaking and viscous turbulence. The portion of the wave passing the
breakwater tip will be the source of a flow of energy laterally along
the wave crest and into the lee of the breakwater. The end of the wave
crest passing the breakwater tip will act as a potential source and
the wave in the lee of the breakwater will spread out in approximately
a circular arc with the amplitude decreasing exponentially along this
arc. This phenomenon, called diffraction, is discussed in detail by
Wiegel (1964), and he presents a mathematical solution taken from
the theory of accoustic and light waves. HWave height reduction due
to diffraction is given in ygrms of a diffraction poefficient, KD’
which is defined as the ratio of the wave height in the lee of the
breakwater to the incident wave height.

Bottom Friction. Waves propagating toward shore are attenuated by

turbulent bottom friction in shallow water. Laboratory and theore-
tical studies have been conducted to evaluate the effects of bottom
friction on wave energy; however, littie field data is available for
verification. Bretschneider and Reid (1954) recommended using a
constant value of 0.01 for the bottom friction coefficient. Recent
studies have shown that the friction coefficient appears to be
dependent on the Reynolds number and relative bottom roughness
(Skovgaafd et al, 1975 and Grosskopf, 1980) and is related to the
orbital velocities of the waves and thus to the wave heights
(Trindade, 1982). Field investigations by Grosskopf (1980) found

that Bretschneider and Reid's (1954) theory for calculating the

effect of bottom friction and shoaling on incoming waves, as presented
in the Shore Protection Manual, provided a close correlation with
observed data. Grosskopf also stated, however, that caution must be used
in applying the Bretschneider and Reid theory near manmade structures
or in areas of irregular bathymetry. Gerritsen (1981) found that

the friction coefficient is somewhat larger, usually having a value
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from 0.02 to 0.04, and becoming significantly larger on coral reefs.

The effect of bottom friction on wave height (modified friction
coefficient,Kf) along an orthogonal can be calculated using method-
ology by Skovgaard et al (1975) as follows:

d 8 dC
—at K¢ = - 30 @ %bm Te Kf (7)

in which ay, = (3s)H/(sinh ggg) and f, is a wave energy loss factor

based on a ratio between a (maximum wave particle amplitude at the
bottom) and the Nikuradse bottom roughness.

Wave Breaking. Deepwater waves with given characteristics will

propagate toward shore until the water depth becomes shallow enough to
initiate breaking. This depth is called the breaking depth, db‘

Munk (1949) derived a breaker height (Hb) and breaking depth relation-
ship based on solitary wave theory, expressed as db/Hb = 1.28.

Galvin (1969), among others, established that the relationship db/Hb
is dependent on the beach slope and incident wave steepness. The SPM
presents an empirical relationship between db/Hb’ beach slope (m)

and wave steepness, Hb/gTZ, as

9 1

Hy b - (aHb/gTz)

where a and b are functions of the beach slope, M, approximated by

43.75 (1 - e 1°M)

[+ 1]
n

1.56

b =

LeMehaute and Wang {1980} also developed an gmpirica] breaking
criterion to determine the point of breaking accounting for beach
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slope, and this equation is expressed as

—2- = 0.76m /7 (Hy) % (8)
0

modifying this equation to include wave refraction and diffraction
and attenuation due to bottom friction yields

- Hy = (Hokekoke) ¥ (0.76m 17y (L)% (o)

The LeMehaute and Wang equation. is based on observed data and
takes into account non-Tinear effects such as wave height peak-up
just before breaking.

Breaking waves have been classified as spilling, plunging or
surging depending on the way they break (Weigel, 1964). The SPM
describes spilling breakers as gradually breaking and characterized
by white water at the crest; plunging breakers as curling over at
the crest with a plunging forward of the mass of water at the crest:
and surging breakers as building up as if to form a plunging breaker
but the base of the wave surges up the beach before the crest can
plunge forward. Galvin (1969) classified breaker type by an inshore
parameter Hb/ngz, and stated that plunging usually occurs when the
parameter is in the range 0,003 to 0.068. Spilling occurs when the
parameter is greater than 0.068. The breaker type is important to
sediment transport because breaking waves suspend the sediment, and
the amount suspended is partly determined by breaker type. Data
collected by Fairchild (1972) showed that plunging breakers usually
produce higher suspended sediment concentrations than do spilling
breakers.

Design Water Level and Wave Heights

General. The choice of a design wave height for coastal structures
depends on whether the structure is subject to non-breaking, breaking,
or broken waves, as well as the structure type and construction.
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Factors that determine the maximum breaker height include:

(1) the water depth, including water level rise due to astronomical
tide, storm surge, and wave setup; (2) the bottom slope; and (3}

the transformation of waves as they propagate toward shore. Galvin
(1968) described the design wave height as the height of the wave
that is potentially most damaging to an economically feasible
structure.. For a breaking wave, this is generally assumed to be the
largest wave to break directly on the structure, and for non-breaking
waves,to be the largest wave to reach the structure.

Water Level Rise. The stillwater level rise during extreme conditions
consists of (1) the astronomical tide; (2) the rise due to a drop in
atmospheric pressure; and (3) storm surge due to onshore winds.

For design purposes an astronomical tide of 2.4 feet (mean
higher high water) is considered appropriate because of the frequency
of occurrence of this tide level.

Based on the parameters of hurricane Fico, which passed near the
jsland of Hawaii in 1978, the U.S. Army Corps of Engineers (1982)
calculated the water level rise in Hilo Harbor due to atmospheric
pressure drop and wind stress to be approximately 0.4 feet and 0.5

feet, respectively.
The design stillwater level, dswl, is thus equal to +3.3 feet

mllw.
Landward of the breaker zone an additional water level rise occurs

due to the mass transport of water by breaking waves, termed wave

setup. Based on methodology in the SPM, the wave setup along a shoreline
with a 1 on 10 slope for wave steepness (Hb/gTZ)'less than about 0.01,
is approximately 8 to 10 percent of the breaking wave height.

Design Wave Height. The maximum breaker height in shallow water is a
function of water depth at breaking, the beach slope and wave steepness.
Galvin (1969) has shown that because a wave travels rapidly shoreward
as it breaks, the water depth that initiates breaking directly against
a structure is actually some distance seaward of the structure and not
necessarily the depth at the structure toe. Based on methodology
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contained in the SPM and Galvin (1969), the maximum design breaker
height plunging on a structure may be obtained from

where d is the depth at the structure toe; g is the ratio of breaking

depth to breaker height (db/Hb), m is the bottom slope; and tp is the
dimensionless p]unge distance 4.0-9.25m. The magn1tude of g cannot be
directly evaluated until Hb is known and, therefore, graphical solutions are
presented in SPM Figure 7-4 in order to solve for maximum design

breaker height.

The depth Timited maximum breaker height must be compared with
the theoretical wave he1ghts in the harbor and nearshore area based
on the transformation of deepwater waves to shallow water. Wave
heights in any given location within the harbor may be limited by
refraction and diffraction, and the maximum possibie breaker height
for a given water depth may not be obtainable even during extreme
wind and wave conditions. In this case a non-breaking wave condition
exists, and the design height is selected from a statistical height
distribution.

Littoral Transport

General. Littoral transport is the movement of sediment in the near-

shore zone by waves and currents. The zone of active transport
generally extends from the shoreline to just seaward of the surf zone.
In order to plan and evaluate improvements to the bayfront beach, it is
necessary to know what the sediment transport conditions are, what the
zone of active transport is, what the net direction and volume rates

of transport are, and what the expected beach shapes might be. Once
these factors are known the feasibility and effects of beach improve-
ments and shoreline structures for erosion control and shore protection
can be evaluated.
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Littoral transport includes both onshore-offshore transport
perpendicular to the shoreline and longshore transport parallel to
the shoreline. Both longshore and onshore-offshore transport are
significant in the surf zone. The transport also occurs either as
bedload movement induced by the shear of water motion over the sediment
or suspended-load transport by currents after the sediment has been
stirred up by turbulence as in wave b}eaking. previous field inves-
tigation along the Hilo bayfront (Sea Engineering, 1981) has shown
1ittle transport seaward of the surf zone, and the predominant form
of transport appears to be longshore transport shoreward of the breaker
zone. The field investigations to date, however, have been conducted
during moderate, primarily tradewind sea conditions resulting in low
wave heights along the bayfront shoreline. During periods of large
north swell and increased wave heights along the shore, there will
likely be greater bedload transport and onshore-offshore movement.

Longshore Transport prediction. - Numerous field investigations and
laboratory studies have been conductéd in order to establish methods
for computing the longshore transport rate. For this report the
methodology presented in the SPM, along with additional explanatory
discussion by Vitale (1980) and Galvin and Schweppe (1980}, are used.
The SPM states that the best way to predict longshore transport is

to adopt the known rate from a nearby site or compute it from historical
changes in the shoreline. Unfortunately, however, because the existing
shoreline and the shoreline history is a direct result of man's, and
not nature's, actions, the use of engineering judgement in the
application of local data or historical data is ngt possible,

Under most conditions Jongshore transport takes place in the surf
zone and is caused by waves striking the shoreline at an angle. Wave
motion and breaking suspends the sediment, which is then carried
alongshore by the skewed uprush and downrush of the waves and the
longshore current generated by the waves' oblique approach to the
shore. The accepted theoretical approach to longshore transport
predictibn js to use measured or calculated wave conditions to compute
a longshore component of wave energy flux which is then related through
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empirical data to a Tongshore transport rate. The following paragraphs
summarize the derivation of the energy flux method, as developed from

small-amplitude linear wave theory.
Energy density at breaking per unit length of wave crest is

given by linear theory as

= 2y 0 ooy 2
E= (ngb )/8=8 Hy,

Energy flux per unit length of wave crest is then

5.
P Cg

Cg = C at breaking, and breaking speed'given by solitary wave
theory is approximately

C =J29Fib = 8.02 v’Hb

Therefore, P=64.2 Hbsl2

1f waves approach the shoreline at an anglea , P in the
direction of wave advance per unit length of beach is given by

b/2

P cos ay = 64,2 Hb cos o,

The longshore component of energy flux in the surf zone is then

_ 3 . _ en- 5/2
st = P cos oy sin ab = 64.2 Hb

cOSubsinab
and since cos o sin @y = 1/2 sin 2 oy

Pye = 32.1 H, */2 sin 2 o ft-Tbs/sec/ft. of beach

The longshore transport rate, Q, is the volumetric rate of movement
of sand parallel to the shoreline, expressed in terms of
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sand volume per unit time. Longshore transport to the right of an
observer onshore looking seaward is Qrt’ and transport to the left
is ta. The gross longshore transport rate is

Qg = Qg * Ogt

and the net rate is
Q net - Q rt ta

Note that a negative Qn means net transport to the left.

The SPM presents an emgiricaT relationship between Q and P,
which is largely based on field observations by Komar and Inman (1970)
at two west coast beaches, in which they measured transport rates
using dyed sand tracers and related them to the direction and flux
of wave energy in the surf zone. The SPM states that the relation
between Q and st can be approximated by

Q= (7.5x10%) P, (13)

The SPM design curve is shown on Figure 3-6. Studies on a South
carolina beach by Knoth and Nurmmedal (1977) appear to supporti this
factor. The SPM cautions, however, that judgement is required in
applying this equation. There is considerable scatter in the data
relating energy flux to transport rate and, in addition, some
incompiete measurements suggest transport rates an order of magnitude
above and below the SPM design curve. '
There is also some question as to the applicability of a
coefficient derived for west and east coast beaches to beach conditions
in Hawaii. The studies from which the SPM coefficient was derived
were conducted on relatively long, wide, and flat sloped beaches with
wide surf zones. On the other hand, beaches in Hawaii are generally
short and often in embayments such as at Hilo, and they are
relatively narrow with steep foreshores and narrow surf zones.
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Figure 3-6. Longshore Transport Rate Versus Energy Flux
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Using data from Noda (1977) and Sea Engineering (1981),a relation-
ship between Q and P£  can be developed which may be more applicable
to Hawaii beach conditions. Noda (1977) used dyed sand tracers

+0 measure sediment transport in the surf zone at three locations
along Kailua Beach, Oahu. Wave height and direction were recorded
by visual observation. One of the measurement sites was located

at the extreme downdrift end of a littoral cell, and the data is
not considered representative of unimpeded transport and, hence,
was not used.in this analysis. Sea Engineering (1981) measured the
longshore transport rate along the Hilo bayfrbnt beach by measuring
the volume of sand trapped by a temporary groin. Wave height and
direction was again_recorded by visual observation. This data is
also plotted on Figure 3-6, .and the relation between Q and st is
approximated by

_ 3
Q=1.2x10" P

which is considerably Tower than that presented in the SPM. The data
is reasonable, however, and does exhibit a high positive linear
correlation.

The calculation of the energy flux factor is very sensitive to
the wave height. Most ocean wave conditions are characterized by a
variety of heights with a distribution which can be described by a
Rayleigh™ distribution. The average energy density of a group of
waves is not determined by the average height but rather from the
root-mean-square (rms) height. Thus, the rms wave height is the
correct height to use in evaluating E and Pz‘ However, the general
practice in coastal engineering is to use the significant wave height,
which is the average of the highest one-third of the waves. The
ratio of the significant wave height, Hs’ to the rms height, Hrms’
is HS/Hrms = 1.416=/"2. Thus, if HS is used to compute P, the
result will be much higher than what it should be using the rms
wave height., In order to use HS in the calculations, the empirical
coefficient relating Q and sz derived from the field data has been
ncalibrated" for use with HS in the SPM design curve (Galvin and
Schweppe, 1980) and the design curve derived in this study.
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Tsunami Characteristics

General. Hilo Bay is directly exposed to two major tsunami wave
generating areas, the Kuril-Kamchatka-Aleutian region of the north
Pacific and the west coast of South America. Tsunamis, or seismic
sea waves, are principally generated by undersea earthquakes of
magnitudes greater than 6.5 on the Richter scale. They have very
long periods (five minutes to an hour or more) and Tow wave heights
in the open ocean (generally less than a foot).

When tsunami waves approach the Hawaii coastline they are
affected by wave refraction and diffraction, shoaling, and resonance
phenomena which can greatly increase their wave height. The bathymetry
in the vicinity of Hilo Bay and the irregular coastline has a funnel-
ing effect that tends to focus and trap tsunami waves, thus increasing
their destrqct1ve potential. Tsunami waves do not approach perpendicular to
the shoreline, and different parts of the wave crest arrive at the
shoireline at different times. Where a coastline is irregular, parts
of a wave crest reflected from one section of coastline may be
refracted and trapped so that they coincide with an incident wave
on another section of coastline. Palmer et al (1965) illustrated
wave trapping at Hilo for the 1960 tsunami, as shown in Figure 3-7.
The reflected waves were turned by refraction so that they arrived
simultaneously at a point inside Hilo Harbor.

Hilo has been struck by several very severe tsunamis in recent
years. On April 1, 1946 an earthquake in the East Aleutian Islands
genérated a tsunami which killed 173 people in Hawaii and caused
$26 mi1lion in property damage in Hilo alone. "The tsunami which
struck the shores of the Hawaiian Islands on the morning of April 1,
1946 was the most destructive, and one of the most violent in all
the h1story of the islands ... At most places ... the waves of the
tsunami swept toward shore with steep fronts and great turbulence ...
Locally, the wave closely resembled a tidal bore, the steep front
rolling in over comparatively quiet water in front of it. Behind
the steep front, the wave crest was broad and nearly flat, with
smaller storm waves superimposed upon it. ... Between crests, the
water withdrew from shore, exposing reefs, coastal mud flats, and
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harbor bottoms for distances up to 500 feet or more from the normal
strand line (Macdonald et al, 1947.*

On May 23, 1960, a tsunami generated by an earthquake along the
coast of Chile struck the Hawaiian Islands. Wave heights on the
island of Hawaii were generally low, ranging between 3 and 17 feet,
and averaging 9 feet. At Hilo, however, the third wave, which
developed into a bore as it entered the bay, rose 35 feet above sea
level. This wave went on to level the Hilo water front, killing
61 people and_destroying 537 buildings.

Historical Tsunami Runup Heights, Frequency of Occurrence, and Wave
Characteristics. Loomis (1976) has collected the available runup

data for major tsunamis occurring in Hawaii beginning with the 1946
tsunami and recorded it on shoreline maps. Runup heights in the
vicinity of the bayfront beach from the tsunamis of 1946, 1952, 1957,
and 1960 were 17, 9, 14 and 35 feet, respectively.

Loomis {1976) states that some confusion exists as to what the
reported heights represent. "What is desired is the height of the
highest wave at the shoreline measured above sea level at the time
of the tsunami; more often what is measured is the height of the
maximum intrusion of the water onto the land. This height could be
lower than the wave height at the shoreline if the water floods far
inland, or higher if the slope of the beach is steep." There is
also some confusion as to the reference datum for the height measure-
ments. The 1946, 1952, 1957, and 1960 data are presumably referenced
to mean lower low water,

Loomis (1976) also discusses the difficulty in predicting the
future occurrence of tsunamis based on the sparse and often question-
able available data. Based on an historical-statistical evaluation,
he discussed the probability of occurrence of a 20-foot tsunami in
Hilo. "It is not known absolutely how many times this has occurred
in the past, but in the time span 1819 to 1976, 20-foot runup heights
somewhere in the Hilo area resulted from the following earthquakes:
Chile, 1837, 1877, 1960; Kamchatka, 1923; and Aleutians, 1946. This
makes five events in 157 years for an estimated average return time ('D
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of 31 years. This means that the chances are 0.05 of having another
such tsunami in 1.6 years, 0.5 of having one in 21.5 years, or 0.95
of having one in 93 years. 1f these data are extrapolated to predict
a 30-foot tsunami, an average return time of 164 years is obtained.
Actually, just one such tsunami has occurred in 157 -years, namely

in 1960." Loomis also states that this illustrative example for

Hilo should be used with caution, and when there are safety and/or
economic reasons for making the best possible predictions of tsunami
wave heights it is necessary to go beyond the historical-statistical
evaluation and "employ techniques which utilize oun physical knowledge
of the hydrodynamics of tsunamis."

The U.S. Army Corps of Engineers has established tsunami wave
elevation near the shoreline versus frequency of occurrence curves as
part of their tsunami flood hazard evaluations for floodplain
management and flood insurance rate calculations. Houston et al (1977)
discusses the variability of tsunamis, both in frequency of occurrence
and place of origin. n_ . the two largest and four of the ten largest
tsunamis striking Hilo from 1837 through 1976 occurred during the 15-
year period from 1946 through 1960. Two of the tsunamis from 1946
through 1960 originated in the Aleutian Islands, one in Kamchatka,
and one in Chile, However, six of the ten largest tsunamis occurred
during the 109-year period from 1837 through 1945 with three origina-
ting in Chile, two in Kamchatka, and one in Hawaii." They state
that frequency of occurrence calculations should consider the long
term historical data, and not just the unrepresentative years from
1946 through 1960, in spite of the fact that early tsunami data
likely includes observational inaccuracies. '

Housten et al (1977) calculated the 1-in-100 year tsunami
elevation for Hilo as 27.3 feet, based on a least-squares fit of the
available tsunami runup data using a logarithmic frequency distribution
and data for the ten largest tsunamis in Hilo from 1837 through 1976.
The 1-in-10 year tsunami elevation was calculated to be 4 to 6 feet,
depending on location in the bay.
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NUMERICAL COASTAL PROCESSES MODEL

Derivation

General. The scale and scope of this study, the number of conditions
to be tested, and the desire to measure the effects of changes in the
physical characteristics of the study'area make the use of digital
computing techniques and numerical modeling well suited to assist in
the analysis._ Coupled with sound coastal engineering judgement and
experience and thorough understanding of the actual physical character-
jstics of the study area, the use of a computer permits the investiga-
tion of a large number of complex phenomena in a relatively short time.
The model developed for this study starts with computer techniques for
the analysis of wave refraction and diffraction developed by the
Coastal and Ocean Engineering Division of Texas A & M University, and
expands the program to include wave attenuation, wave breaking, and
longshore transport. The fo]]ohing paragraphs summarize the deriva-
tion of the computer program, for detailed derivations and explanations
refer to the references cited. A computer program flow chart is

shown on Figure 4-1. A Hewlett-Packard Model 9845B mini-computer was

used for all the analysis.

Area Modeled., The first step in the numerical model is to represent
the bathymetry in the study area by depth values in a rectilinear
grid system. The transformation of the selected waves from Table 3-5
from deepwater to the shoreline in Hilo Harbor required the modeling
of three coastal areas. In order to include the deepwater north swell
from the northwest, a bathymetry grid was developed for the northeast
coast of the island from the shoreline to the 100 fathom line. The
swell from the northwest was then refracted around Pepeekeo Point so
that portion of the energy reaching Hilo Bay could be included. The
available bathymetric chart for this area (USC & GS Chart 19320) is
relatively large scale (1:250,000), with very 1ittle detailed depth
information, and it was necessary to estimate bottom contours at

62



oD

!

input: Bathymetry Grid, Wave period, Orthogonal Origins,
vave Directions and Height Coefficients at Origins, Time Step

Calculate Celerity and Celerity
perivatives for Grid Points

¥

4 Initiate Orthogonal

11

_Interpolate Depth, Celerity, Celerity perivatives

¥

- Calculate Change in Wave Direction and
Coordinates of Next Point on Orthogonal

¥

A 4

New Point Off Grid?

Orthogonal ™
Intercept Shore or

New Point Néa} Beach?
. Breakwater?

Calculate Breaker Height

¥

Did Wave Break?

A

calculate Height Coefficients (€

calculate Longshore Energy Flux, Pgs

v

Yes

//r__0utput Last Wave Height and/or Pgg /<

Yes

More Orthogonals?

Ce D

Figure 4-1. Numerical Model Program Flow Chart
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10 fathom intervals from the limited data presented. Grid spacing
(prototype) was 1,560 feet.

The bathymetry in Hilo Bay seaward of the breakwater was modeled based
on a detailed bathymetric chart of the bay developed by the USACOE, POD.
The chart scale was 1:12,000 and contour intervals were 15 feet. Grid
spacing {prototype) was 800 feet. .

The third area modeled was Hilo Harbor, including Blonde Reef and the
breakwater. Detailed bathymetric information was obtained from NOAA/NOS
chart number 19324 (scale 1:10,000). The grid spacing for the model area
was 333 feet in the prototype.

Deep to Shallow Water Wave Transformation. The computer program used for

this study is an adaptation of of the REDSEA program developed by Orr and
Herbich (1969), Worthington and Herbich (1970), and Herbich (1977) at
Texas A&M University. Errors in these programs noted by Whalin (1971) and
Skovgaard et al. (1975) have been corrected, The required input data to
the program are the bathymetry represented as depth values in a rectilinear
grid system and the period and direction of the incident deepwater wave.
A brief description of the workings of the program follows; see the
references cited for detailed derivations of the equations used.

Given the wave period, celerity values are calculated for each grid
point using the formula derived from linear wave theory:

2. g1 2nd
C= o tanh ( T )

wave celerity

acceleration due to gravity -
wave period

water depth

wave length

" where

¢
g
T
d
L

This is done by iterating the equivalent equation

= a7 2nd
Cisq = 3y tanh ( C.T )
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using deepwater celerity, C = 5.12T, as a first approximation, and

IC,.. - C.

;1 < .001 ¢C,

i+i
as a convergence criterion. Partial derivatives of C with respect to the
x and y directions are calculated for each grid point using finite
difference expressions. The depth, celerity, and celerity derivatives at
an orthogonal point not lying on a grid intersection are determined by
linear interpolation between the four nearest grid points,

Wave orthogonals are traced one at a time, being initiated at
positions specified in the input, with similarly specified values for the
original direction, original height coefficients, and time interval
between orthogonal points. The governing equations for tracing the

orthogonals are:

dx/dt = C cos A
dy/dt = C sin A
dA/dt = (aC/ax) sin A - (aC/ay) cos A -

where x and y are the cartesian coordinates of points on the orthogonal,
C is the wave celerity and A is the angle the obthogona] makes with the
X axis. )

The dependence of the.bhange in wave direction on the velocity gradient
and the wave direction is derived through applying Fermat's principle of
wave propogation. This derivation can be found in Munk and Arthur (1951)
or Orr and Herbich (1969). '

The program solves the above system using a two-step Runge Kutta-
method and calculates the x and y coordinates of successive points along
the orthogonal separated by the specified time interval.

Orthogonals are terminated in any one of the following cases:

(a) when they reach the end of the bathymetry grid;

(b) when they intercépt the shore or breakwater;

{(c) if,in the deepwater run, they intersect a predeter-
mined stopping line outside the Hilo breakwater;

{(d) if,in the Hilo Harbor grid, they satisfy breaking
c¢riteria on Hilo Bayfront Beach.
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Each newly calculated point is tested for termination criteria, and if the
orthogonal is not terminated, wave height coefficients are then calculated

for the new point.
The height coefficients calculated by the program are the coefficients

of refraction, KR; friction, KF; shoaling, KS; and diffraction, KD. Linear
wave theory predicts a wave height, H, such that

H = K K KSI( H

where Ho is thé-deepwater wave height., Presented here are the equations
used to calculate these coefficients and the publications that may be
referred to for their respective derivations.

a) K = 1/V/8 °

where g is the orthogonal separation factor and is calculated by solving
the differential equation:
%Er"i’%ﬁ*qﬁﬂ
= -2(aC/ax cos A + 3C/ay sin A)
C{32C/ax2 sin? A - 32C/a3xay 2sin A cos A
+ 32C/3x2 cos2 A)

where
and q

=)
i

To start the calculations, g8 = 1 for the first two points in deepwater
where the wave is unaffected by refraction {see Orr and Herbich, 1969;
Skovgaard, Jonsson and Bertelson, 1975).

b) Ke is calculated by solving the equation
dK f K
F_ g AT —— e 3
at ° T( ) L st CsT n/nc sinh (2 d/L) /B
where T = wave period
L, = deepwater wavelength = 5.12 T2
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8 d/L

N = T+ sinh(4nd/L)

d = depth

L = wavelength

C = celerity

g = orthogonal separat1on factor
fe = wave energy loss factor (bottom friction coefficient)

subscript ST refers to corresponding values at wave
-  starting position.
The initial value used 'to start the calculations is KF =1 in
deepwater (see Herbich, . Skovgaard, Jonsson and Bertelsen, 1975).

cash (2nd/L)

¢} Kg*=
‘/Einh (4nd/L) + 2nd
1
(See Orr and Herbich, 1969, SPM.)
g k= |f() o7t Rreos(mtel 4 (o) ¢-1 kr cos(8+80))
_ a2
where flc) = ———f We/2 gy

g=2 1{ sin 1/2 (8 - 8,)

o' = —ngtsin 1/2 (8 + eo)

k = wave number = 2n/L
~r = radial distance from breakwater tip:
g = angle between breakwater and radius from
breakwater tip to orthogonal point location
p_ = angle that approaching wave orthogonal makes
with breakwater °

(See worth1ngton and Herbich, 1970; Wiegel, 1964. )
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When orthogonals come within range of intersecting the bayfront
beach, the following equation is used to calculate a tentative breaker
height, HB' for each successive point:

- 3/4 _1/7 , 1/4
Hb = .76 (Ho KR KF KD) m L0
where m = bottom slope and
L0 = deepwater wavelength

(See LeMehaute and Wang, 1980.)

The depth at each new point is then compared to the breaking depth,
dB = 1.28 HB’ predicted by solitary wave theory. When d < 1.28 HB’ the

orthogonat is terminated and the Tongshore energy flux, Pns' is calculated

for the point of intersection with the beach using:

= 5/2 _.

where ap is the angle the wavefront makes with the beach at breaking. A
positive sign indicates an energy flux toward the east along the beach in
the direction of the Wailoa River. A negative sign indicates a flux in the
opposite direction.

When an orthogonal is terminated, all relevant information is stored:
if in the harbor area, wave height predicted by linear wave theory; if on
the beach, the position of intersection with the beach and the value of
longshore energy flux. A new orthogonal is then begun and the process is
repeated. :

Primary orthogonals originate in deepwater where the waves are
unaffected by refraction, shoaling and friction, and are projected toward
the Hilo area. Orthogonal origins are chosen by trial and error to result
in endpoints on the bayfront beach providing a representative distribution

of wave heights and wave angles along the beach, After all primary orthog-

onals have been traced, radial orthogonals are generated at the breakwater

tip, representing the wave diffraction occurring in the lee of the breakwater

and with original directions chosen to give endpoints in areas where wave w9
height information is desired. The computations for the radial orthogonals
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are identical to those for the primary orthogonals with the exception that

the original wave height for the radial orthogonals 1is taken to be the
height of the closest primary wave orthogonal to clear the breakwater
as it passes the breakwater tip. The wave angle used for diffraction
calculations is the angle at which the nearest orthogonal passes the
breakwater tip.

Assumptions and Limitations

The numerical model developed for this study is an extremely
useful engineering tool, permitting relatively rapid evaluation of
many variables and complex mathematical formulas. An understanding
of the assumptions and 1imitations of the methodology is necessary;
however, along with experience and sound coastal engineering judge-
ment, to guide its use and application.

Major assumptions of the wave transfdrmatioh methodology include:

(1) No wave energy is transferred laterally along the wave crest

(i.e., energy remains constant between orthogonals). This is reason-
able except where extreme refraction and energy convergence OCCUYS,
resulting in the crossing of orthogonals (caustics). What happens

at a caustic is not well understood. Energy is transferred along the
crest, and the waves peak up and break to release energy, but the
mechanics of this are not defined and there is little quantitative
information dealing with the area beyond caustics. Caustics occur

in the Hilo Harbor model along the edge of the reef.

(2) Changes in bottom topography are gradual, with a bottom slope less
than 1V on 10H. The refraction calculations are derived for straight,
parallel contours - it is difficult to carry an orthogonal accurately
over complex bottom features. These are probably not serious
Jimitations in the Hilo model except in the vicinity of B]qnde Reef,
(3) Constant period, small-amplitude, long-crested monochromatic
waves, perhaps.the most significant source of error for two

reasons. One, the wave climate in the vicinity of Hilo js complex and
definitely not monochromatic. A more accurate wave energy model

could be developed by refracting the wave spectrum according to its
frequency distribution, as discussed in Ippen (1966) and by Seelig

and Ahrens (1980). This is beyond the scope of the present study,
however. The second source of error is assuming that the incident waves
are all long-crested. This is reasonably true for longer period north
swell; however, the local tradewind seas are less well defined and have
irregular amp1itudes and crest lengths.
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(4) The methodology also assumes that reflection, small non-uniform
bottom variations and abrupt depth changes, current effects, and wave
generation within the zone of study are negligible. These are all
reasonable, with perhaps the exception of local wave generation (or
attenuation) shoreward of the breakwater as a result of the diurnal
onshore-offshore winds. Because there is so little wave energy

which can refract and diffract into the harbor, particularly during the
summer tradewind season, reinforcement or attenuation of the incoming
energy by onshore or offshore breezes, respectively, may significantly
affect the actual wave energy available at the shoreline for sand
transport,

The calculation of the breaker height, and thus the longshore
energy flux and tranéport rate, also assumes a monochromatic wave.

This over-estimates the actual average breaker height due to irregular
seas as discussed by Seelig (1979 and 1980) and thus probably over-
estimates the transport rate, This source of error may be compounded
by the diurnal wind changes as discussed in the previous paragraph,
Considering the irregularity of the seas could reduce the breaker
heights by an estimated 10 to 15 percent.

The empirical relationship between longshore transport and energy
flux of 1.2 x 103 appears reasonable for application to the study area;
however, it is based on very limited field data and must be treated
with caution. Thus, while the predicted relative transport rates
between wave types, the winter/summer seasons, and with and without
breakwater modifications are valid, the absolute volumes of sand trans-
port cannot be relied on as being quantitative values without additional
field verification. The model predicts beach shaﬁes and transport
directions and relative transport volumes.

In order to properly evaluate and apply the numerical model
results,they must be checked against available field data, aerial
photographs and visual observations of the study area as discussed in
a following section.
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Computer Simulation of Existing Conditions

Refraction and Diffraction. Refraction and diffraction patterns for the
deepwater wave types listed in Table 3-5 are shown on Figures 4-2 through
4-9. As evidenced by the figures, considerable divergence of wave energy
due to refraction occurs for all the deepwater wave periods and direc-
tions affecting Hilo Harbor. Refractjon coefficients are generally
between 0.1 and 0.3 for all the conditions tested. For tradewind waves
this is primarily a result of the breakwater blocking the direct approach
of the waves._ Only a very small portion of the incident deepwater wave
energy can refract and diffract around Blonde Reef and the breakwater tip
to actually reach the bayfront beach. North swell, on the other hand,
approaches the harbor directly. However, considerable refraction occurs
as the wave direction parallels the coastline for almost 8 miles before
reaching the harbor entrance and results in a very narrow corridor from
which north swell wave energy can enter the harbor.

Wave Heights in Hilo Harbor. Hilo Harbor is well sheltered from approach-

ing deepwater waves, and wave heights within the harbor are greatly atten-

- uated. The average nearshore wave height along the bayfront beach as a

percent of the deepwater height is shown in Table 4-1 for various deep-
water periods and directions. Tradewind wave heights in the harbor are
generally about 9% to 12% of the deepwater height, with a low of 2% to 4%
for waves from due east. North swell relative wave heights are greater,
being about 10% to 30% of the deepwater height for 10 to l6-second waves
from due north, HNorthwest swell is greatly attenuated as it refracts
around Pepeekeo Point and is only 1% to 3% of its deepwater height inside
the harbor. The numerical model does not consider-wave energy reflected
into the harbor from the steep rocky shoreline west of the bay. Thus,
the relative wave heights in the harbor may be slightly higher than the
model predicts, particularly during. the tradewind conditions. |

Wave heights in Reeds Bay and the commericaI'port'aréa are further -
attenuated by diffraction around the breakwater and refraction as they
propagate across the harbor. Tradewind wave heights are generally less
than about 2% to 3% of the incident deepwater heights in Reeds Bay and
the commercial port, respectively. North swell wave energy reaching
Reeds Bay and the port area is greater; however, wave heights are still
generally less than about 5% of the deepwater height.

71



o
x
%

“1‘ fect/1GGS
| %_ L

|

20 i 1

"0 PJ a ! 2. 3
Period = B sec. HILG BRYFROMT STUDY

Dpwtr Direction = 9@ Deg. HILO, HAWAII

Sea Engineering, Inc.

Energy Flux (ft-lbs/sec/ft)

=
o
]

w
o
|

N
o
1

-
(=
I} '

=
]
H
\
47
~
4/
{

1
-‘0; .~ 60+00

~20~ Shoreline Station

Figure 4-2. Refraction, Diffraction and Longshore Energy Flux for
T =6 sec, Hy = 5 feet, Dir = 090°

72




* 2 01-00

. /‘;’Ar\-;fi\\
40+00
Period = B sec.

Dpwtr Direction = 43 Deg.

(é}"* fect/ 166
bttt

— %
a8 t 2 3

HILO BAYFRONT STUDY
HILO, HAHAII

Sea Engineering, Inc.

hoi
T
"'6 -
8 20-
"';‘. -
L N -t ’ -.-"'-.. . -
Eo0 “ r = a, ) —=~ e 1
S ” l‘\ L L " L]
5 0l 1+00  “Z0+00 30+00 40+00 50+00 60+00
s o ‘
2 ~20- Shoreline Station
[ p
[-L]
g -30-
L)

Figure 4-3, Refraction, piffraction and
T =6 sec, Hy = 5 feet, Dir

73

e s bt 28 T

Longshore Energy Flux for
= 045°




2 0+00

feat /1896

i
8 ! g 3

Lo+00

Period = B sec. HILO BRYFROWT STUDY

Dowtr Direction = 908 Deg. HILO, HRWAI1I
Sea Engineering, Inc.

40—
£ 301
‘\;3. -
o 20
N
""; -
S 104
1 by -,
=t "-‘\ - -.____-._-.__ i,
L Og—=r===r oTE T I v T ™ | ' |
x _10_' 10+00 20400 30+00 40+00 50+00 60+00
T -
> =20 = Shoreline Station
o
2 -30-

=40

Figure 4-4,

Refraction, Diffraction and Longshore Energy Flux for

T = 8 sec, Hy = 8 feet, Dir

74

090°



O

boiealan e SA AP it 1 pe T e 1 s ean ey £ T R

2 O+0g

.Period = B sec.

Dputr Direction = 45 Deg.

JY feets1638
]

1
a ! 3 3 '

HILO ERYFRONT .STUDY
HILD, ‘HRHRIIX
Sea Engineering, Inc.

Figure 4-5

’-IDj l'\\
™ I \

S 307 R

4 4 ! ] p \\

< 20- t " o

I 4 . “~

= iod i ' .

S . ”‘\ i ) \\

N - ’

L 4 \‘ " ' \._

<« 0 ki | T 1 v . T NI T |
3 ’, 10+00 | 2b+00 30400 40400 50300 60+00
[ TR - ]

> 1/ 1 Shoreline Station

& 20 [ \ °

p I N v /7

u -30- 7 \

Qe

Refract1on Diffraction and Longshore Energy F1ux for
= 8 sec, Hy = :

8 feet, Dir = 045°

75



A e

X e
' % feet/1688
| N ]
40400 8 ! g 8

Period = 18 sec. HILG BAYFRONT STUDY

Dpwtr Birection = '@ Deg. HILO, HRKAII
Sea Engineering, Inc.

500 -
® 400 -
S
5] =
a
S 300
£
-'- -
had
& 200-
X -
=
b 100 —
> Lt 8
2 " 7\ '/, AN
o P et el - \"--,.__ )
G 0> T T ' T Y Y ! T 1

47 10+00 - 20+00 30+00 L0+00 50+00 60+00
Shoreline Station

-100 —

Figure 4-6, Refraction,
T = 10 sec,

Diffraction and Longshore Energy Flux for
Ho = 5 feet, Dir = 000°

76



R L

A DT T YT T TR A LA g e Ty~ 2y

B

fest 100

I I | i
T T T

1
{ 2

}
|
3

HILO ERYFRONT STUDY

Period = 12 sec.
Dpwtr Direction = @ Deq. " THILO, HAKAII
Sea Engineering. Inc.

500
w400~
N
S
S .
V]
< 3004
w
£ - ’_\
' P
«  200- I \
e ) ] \
T 100 / \ -—

] P it
o / ” =
E - *—___0 ] 7 ‘\.. .
o 0 Y | ' T T q v | Bt oSS T ]
B ~ 10+00 20+00 30+00 4O+00° 50400  60+00
-100~ - Shoreline Station

Figure 4-7. Refraction, Diffraction and Longshore Energy Flux for

Mol e e e
PLYE (et DT R TR B

T = 12 sec, Hy = 10 feet, Dir = 000°

77




Figure 4-8. Refraction, Diffraction and

T =16 sec, Hy = 15 feet, Di
78

)
° \\“ feet /1 BEG
. Ly 1, 1,
20?—{\_’_‘_ h i ) N I T 1 T ] T ‘l
%0 40+00 8 + 2
Dpwtr Directiaon = B Deqg. HILO, HRWAII
Sea Engineering, Inc.
500=-
< L4oo-
Y .
.;3 ,
1] [
< 300~ i
w [ 1
:-e “ Pl ' '
' \
& 200- ! .
~— I D | 'f‘\‘
x - | t
X / I /A
w 100+ / I AN
- Smar I .,” \\
E' 7 1 - \'\ .v'
[ =g 0 ¥ 1 1) ] ) T | Jl e~y 1 T |
Ly
i 10+00 20400 30400 Lo+00 50+00 60+00
-IOOJ Shoreline Station

Longshore Energy Flux for
r = 000

o




()

R R e R

g
20409 ™
Per-jod = ]2 sec, HILO EHYFRONT STUD.!'
Dputr Direction = @ Deg. HILO, HAWRII
Sea Engireering, Inc.
i :
\‘ " 8 H
1 / |
1 ‘\ L /’, ' “
~ booo 7 ,
&=
< . !
g 1
@ 3004 \
= \
= ] ‘| I,‘-"‘s
& 200 v/ N
& \-._,.r’ A
x i \\
=
= 100~ \
§ ] \"-.,_
g c ¥ I ' l L l ¥ = “'-.'-ﬂ""l ¥ l
w . 10+00 20400 30+00 Lo+00 50+00 60+00
-100- Shoreline Station

Figure 4-9. Refraction, Diffraction and Longshore Energy Flux for 10-year
Storm Waves, T = 12 sec, Ho = 22.5 feet, Dir = 000°

79




Table 4-1. Average Nearshore Wave Height as a Percent of
geep:ater Height in the Vicinity of the Bayfront
each,

Wave Deepwater Percent of Deepwater Height at Shoreline Stations
Period Dipection
(sec.) (YTN) 0+00-10+00 10+00-25+00 25+00-40+00 40+00-58+00
6 090 9 12 10 9
6 045 - n 12 9 6
8 090 3 4 2 2
8 045 12 14 9 7
10 000 24 30 11 8
12 000 23 26 12 9
12 315 2 3 1 1
16 000 - 19 19 8 5
16 315 3 3 1 1
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t ongshore Energy Flux and Sediment Transport. The predicted longshore
energy fiux along the bayfront beach for the various deepwater wave
periods and directions tested is also shown on Figures 4-2 through 4-9,
The net energy flux along the beach seasonally and annually is shown on
Figure 4-10. A positive energy flux indicates transport from west to

‘east, and a negative flux indicates transport from east to west. Ouring

tradewind conditions the energy flux is generally less than about
10 ft -1bs/sec/ft of beach front, and the greatest concentration of
energy is between shoreline stations 20+00 to 40+00. During the winter
season there is two to four times as much potential energy flux along
the shoreline, with much more energy present along the western portion
of the beach between stations 5+00 and 20+00,

The energy flux is very sensitive to the angle of wave approach
to the shoreline. The model uses a generalized shoreline taken from
NOAA/NOS chart 19324 and represents the general orientation of the
coastline. Thus, the calculated energy flux represents the potential
for longshore transport and not necessarily the actual transport at any
given point or time. Where there is existing sand along the shore, -Or
if the beach-should be -restored, the beach will attempt to orient itself
perpendicular to the predominate wave direction and reduce the energy
flux and longshore transport. '

The calculated energy Tlux indicates that the greatesi potential
for transport both ceasonally and annually is between stations 5+00
and 40+00, which agrees with what has been observed. Energy fiux is
concentrated at stations 10+00 to 15+00 and 20+00 to 40+00. The net
transport direction is west to east; however, there is an interesting
nodal point between étations 50+00 and 20+00, where the energy flux
js greatly reduced or reverses direction. Energy flux at both ends of
the beach also reverses direction and mdves east to west. During
severe storm wave attack (e.9., the 10-year return period storm event),
the potential energy flux can increase by two or.three times above that
normally experienced during pefiods of north swell. These storms are
relatively brief and infrequent; however, they have the potential to
move a very large amount of sand in a short time.
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The potential for longshore transport as shown by the energy flux
indicates the probable need for structures to help stabilize a
restored beach and reduce sand losses due to longshore transport by
either reducing the wave heights at the shoreline (offshore structures)
or assisting the beach to obtain a stable configuration perpendicular
to the incident wave approach (groing).

Comparison of Model to Prototype

Very little quantitative data exists regarding actual conditions
inside Hilo Harbor and along the shoreline for specific deepwater
wave conditions with which to verify the accuracy of the numerical
model. Simultaneous measurements of deepwater wave height, period
and direction, nearshore wave height and angle incident to the
shoreline, and longshore sand transport are necessary to completely
validate the model. However, a qualitative assessment of the model
results can be made based on existing information, and it generally
appears to reproduce the typical shoreline processes. Caution must
be used in appliying computer derived absolute values of parameters
at specific locations (e.g., breaking wave height at a specific
Jocation or magnitude of sand transport past a specific point).

Until the model can be verified by actual controlled field measure-
ments, it should be used only to assess relative changes and average
conditions. For example, the energy flux should be used to assess
the direction and relative magnitude of potential longshore transport
along the beach, rather than using the model to quantitatively assess
the cubic yards of sand moved at any given point.

A comparison of existing aerial photographs of Hilo Harbor with

the results of the numberical model shows similar refraction and diffraction

patterns within the harbor. This is illustrated by Figure 4-11,
which shows a photograph taken during what appears to be easterly
tradewind conditions and the computer picture of 6-second tradewind
waves from the east. Both show rapidly decreasing wave heights
eastward of the Wailuku River and a band of wave energy convergence
extending from the tip of the breakwater along the edge of Blonde
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Reef to Waiakea Peninsula. This band of energy convergence is present
for all the wave periods and directions tested.

Previous field investigations and inspection of the existing
shoreline conditions support the numerical model results. The

‘predominant longshore transport from west to east has been documented,

and this is borne out by the model. There is an apparently stable
sand shoreline at the eastern end of the bayfront beach, and the model
shows relatively Tittle energy flux along this existing beach

"location. -

The breaking wave heights and angle of approach to the shoreline
predicted by the model are reasonable and correlate well with observed
waves along the shoreline during similar deepwater wave conditions.
The bayfront highwaj revetment along the western portion of the
bayfront beach is overtopped on occasion during periods of large
north sweill during the winter. The model predicts breaking wave
heightslof 4 to 5 feet along the western half of the beach from large
12 and 16-second north swell, and the estimated runup on the existing
rock revetment is estimated to be +12 to +14 feet. The revetment
elevation is about +12 feet and, thus, overtopping would likely
occur.

Field measurements of the volume rate of longshore transport
by Sea Engineering (1981) showed a transport of approximately 5 to
6 cubic yards per day to the east at station 32+00 during typical
tradewind conditions. Using the empirical transport coefficient of
1.2 X 103 and average summer season energy flux from Figure 4-10,
the model predicts transport of about 20 cubic yards per day at
this location. This is 2 reasonable correlation, considering the
quéstionability of the transport coefficient and the fact that the
measured transport rate may have underestimated the actual rate as
previously discussed.

An interesting correlation between actual shoreline conditions
and the model predictions was observed during a field trip to the
project site in early August 1982. The longshore energy flux calcu-
lated by the model shows a nodal point of energy direction reversal
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in the vicinity of station 16+00 to 20+00 during the summer season.
The summer of 1982 has been particularly rainy, which means an
unseasonably heavy discharge from the Wailuku River, inciuding
debris, grass, tree limbs, etc. During the site visit, a large
pile of debris was located on the beach at station 18+00 to 19+00.
The pile of debris was extensive and was the only pile along the
entire beach. Most of the debris was above the high tide line,

and the portion of the debris that was in the water at high tide
moved a little bit back and forth and in and out but did not appear

to move along the shore.
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SHOREL INE IMPROVEMENT ALTERNATIVES

Objectives and Alternative Selection

As previously discussed, the shoreline improvement objectives
are three-fold: (1) to provide storm wave protection for the bay-
front highway; (2) to restore the bayfront beach for recreational
uses; and, (3) to reduce shoaling of the Wailoa River mouth. This
report presents a discussion of feasible shoreline improvement alterna-
tives to meet these objectives, including:

1. Beach réplenishment for shore protection and
recreation;

2. Beach rep]enishment stabilized with groins. Groin
construction alternatives include rock rubblemound or sand-cement
filled bags; _

3. Beach replenishment stabilized by detached rock

_rubblemound breakwaters;

4, A perched beach and artificial surf shoal stabilized
by Longard tubes; and
5. Rock revetment shore protection.
Improvements are considered only for the shoreline between
stations 0+00 to about 40+00. The existing sand beach east of station
40+00 is stable and adequately meets the project objectives. The

‘alternatives are evaluated in terms of their general feasibility and

effectiveness in meeting the project objectives and their efficiency
in terms of relative costs. The cost estimates are adopted from cost
estimates for previous projects and study reports conducted by or for
the Corps of Engineers,

Construction Materials
General. Coastal shore protection and erosion control structures

have been constructed of almost every material imaginable, from rock,
concrete, timber and steel to rubber tires, rock-filled baskets, and
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textile bags and tubes. In general, where quarrystone or field stone
of the proper size and quality is available at a reasonable price in
sufficient quantity, it is the best all around construction material
for use in the ocean environment. It is durable and longlasting,
both as a material and in a structural configuration, and there is a
large amount of quantitative design data and experience to guide its
use. However, stone and concrete can be relatively costly to use, as
is the case in Hilo. As construction costs have increased, new
materials have_been developed for the construction of groins and
breakwaters, particularly for applications where design wave heights
are low and cost and ease of construction are major factors. These
"low-cost” shore protection methods have been studied in detail by
the Federal Shoreline'Erosion Control Demonstration. Program, and the
resuits are presented in a report by the U.S. Army Corps of Engineers,
Chief of Engineers {1981). OFf the methods tested, large sand- cement
filled bags and sandfilled Longard tubes appear to have some appli-
cation for use in Hilo, primarily because of the availability of
offshore sand as a construction material. Sand-cement filled bags
and Longard tubes are discussed in the following paragraph as alter-
natives to the more conventional rock construction techniques.

Sandfilled and Grout-Fiilled Bags. Large textile sandfilled and sand-

cement filled bags have been used effectively in groins, sills and
detached breakwaters. The bags are approximately 4 feet wide, 20
inches thick, and 12 feet long, and can be woven of Acrylan and nylon
synthetic fibers. Acrylan has the best UV deterioration resistance
when exposed to sunlight; however, nylon has greater tensile strength.
The bags must be filled by a pump.,

Although the sandfilled bags effectively resist movement by wave

action, they are very vulnerable to damage by vandals and +tears by debris

impact. Once torn they quickly Tose their sandfill under wave action.
Fi1ling the bags with a sand-cement grout eliminates the inherent
weakness of the fabric in sandbag construction. As soon as the grout
hardens, the moduies are essentially irregularly shaped concrete
blocks nested together and are very vandal and damage resistant. One
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problem with the grout filled bags, however, i5 that the cement tends
to separate from the sand in the pumping process and the modules may
crack. Grout-fiiled bags have been found effective for wave heights

up to about 8 feet {Porraz, 1976) .

Longard Tubes. Longard tubes are patepted sand fiiled, fabric tubes
used as seawalls, groins, sills and breakwaters for shore protection
and erosion controi. The Longard tube actually consists of two tubes:
an inner tube _of jmpermeable polyethylene sheet and an outer tube of

- woven polyethylene fabric. The inner tube aids in the filling process,

and structural strength is provided by the high density, UV stabilized

outer tube. The tubes are available in

diameters of 10, 40" and 70",

jn lengths up to about 330 feet. Double 40" tubes,. stitched together,

are available where extra lateral stabil

ity is required, such as

conditions of active longshore transport.
The primary advantage of Longard tubes is the speed and ease with which they

can be filled. The filling process does

require specialized, patented

fi11ing equipment, however. Their chief drawback is a high vulnera-

bility to damage by vandals and floating
well documented -during the low-cost demo
Corps of Engineers, 1981). An epoxy coad
the damage potential. However, this coa
dry surfaces which greatly reduces its u
been found reasonably effective in low t
as long as they remain structurally soun
good foundation is necessary as protecti
wave scour.

General Design of Improvements

Protective Beach

General. Constructing or nourishing a p
of suitable grain size in 3 particular s

effective and attractive means of protec
as providing recreational opportunities.
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is very effective for dissipating wave energy. Restoring and/or
nourishing the beach remedies the basic problem - lack of a suffi-
cient natural sand supply. However, the capacity of the waves to
remove sand may be so great that it is not economically feasible to
nourish the beach, and a beach without structural backup may not
provide the required protection during severe wave attack.

Design. The design of a protective beach requires the following
information and analysis:

1. The incident wave climate (height and direction
nearshore) and the direction and rate of longshore transport;

2. The necessary beach width and crest elevation to provide
the desired shore proiection, as well as the orientation and slope of
the beach face; and

3. The characteristics of the native beach sand and the
borrow material to be used for restoration and/or nourishment.

The shape of the restored beach and the volume of sand placed
within the fill is intended to provide a relatively stable configur-
ation and enough sand to exceed the long-term erosion losses character-
istic to the area as well as erosion during infrequent but severe
storms. The shape of Hilo Bay and the prevailing wave directions at
the shoreline as a result of refraction, as well as the magnitude of
potential sediment transport from west to east, make. it virtually
impossible to restore the beach under existing conditions without
the use of structures to help stabilize the beach fill and reduce the
Joss of fill material. Structures are necessary to either reduce
the energy reaching the beach or to assist in reorienting the beach
face perpendicular to ‘the wave approach.

It is estimated that a minimum beach width above the design stillwater
level of about 50 feet is necessary to provide-adequate severe storm
wave protection as well as a reasonable recreational dry beach area.
Based on the numerical model,the average 10-year storm wave height
along the shoreline is about 6 feet, and the wave runup height on a
1 on 10 beach slope is estimated to be about +9 feet milw. A beach
crest elevation of +10 feet is, therefore, recommended.
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Beach Replenishment Material. When fill material is deposited on the
shoreline, wave action jmmediately starts a sorting and winnowing
action. Finer material is removed until only the material compatible
with the wave climate remains. When the replenishment material is
finer than the native material, large losses often occur immediately
after its placement. Borrow material with the same grain-size distri-
bution as sand already on the beach is the most suitable for replen-
ishment, and slightly coarser material is usually suitable. If
material finer_than that naturally occurring on the beach is used for
restoration, an additional volume may be required to provide the
desired finished beach dimensions. The amount of overfill required
and the effect of the borrow material on estimated renourishment rates
can be estimated using techniques in the SPM and Hobson (1977) to
compare the grain-size characteristics of the native beach sands and
the borrow sands. Grain-size distributions are compared to determine:

(a) FiNl ?actors (RA) which are used to estimate the excess
volume of fill required to satisfy project dimensions, and;

(b) Renourishment factors (RJ) which predict the stability
of potential fill materials against erosion as compared.to native. beach

The basic assumption is that natural winnowing and sorting
processes will modify the £i11 sands until their textural and areal
distribution resembles that of native beach sands as nearly as possible.
Comparative grain-size distributions for the native beach sand and
the offshore borrow area sampleé are shown on Figure 5-1. Table 5-1
summarizes the comparison between sand samples taken from the shoreline
and the potential offshore sand borrow source.

The offshore borrow sand is finer grained and more poorly sorted
than the native beach sand. This is reflected by a fill factor (RA)
of 2.3, indicating that a loss of approximately 50% of the replenishment
sand can be expected during the initial textural adjustments of the
beach fill. The renourishment factor of 1.75 predicts that the borrow
sand will ‘erode at a faster rate than the native beach sand.

¢
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Table 5-1. Existing Beach and Offshore Sand Grain-Size

Distribution Parameters and Comparisons

- Native Bayfront

Offshore Sand
Borrow Source

-—Beach Sand
Diameter 16th Percentile, mm 1.0
Diameter 84th Percentile, mm 0.47
Mean Size, mm ' 0.7
Phi 16th Percentile ( 9, ) 0.0
Phi 84th Percentile (9.84) 1.09
Phi Mean Diameter (Md) ' " ‘ 0.55 .
Phi Sorting ( ¢) 0.55
(M¢ -Mgn)/ én -
Percent Sand . : 99
Fi1l Factor, Ry -

Renourishment Factor, RJ

Note
RA taken from SPM Figure 5-3,
R; taken from SPM Figure S5-4.

)
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0.8
0.28
0.46
0.32
1.84
1.08
0.76
1.382
0.964
99
2.3

1.75



Beach Replenishment with Groins

Description. Where there is a predominant longshore transport of sand in
one direction, groins can be an effective method for retarding erosion of a
restored beach. The groins are constructed perpendicular to the shoreline
and sand accumulates on the updrift side. This assists the beach configu-
ration to orient itself to conform to yhe predominant wave crests and thus
reduce longshore transport. The trapping of sand on the updrift side can
result in downdrift erosion. To cope with this, a series of groins must be
built and artificially filled'initia11y. The groins can be designed to
permit some sand transport to continue either around the end or over the
groin, or to act as a complete littoral barrier. Because of the unknown
volume of sand transported to the beach for nourishment naturally by the
Wailuku River, it is proposed.that the beach be restored using offshore
sand and the groins constructed to permit very little transport over and
around them in order to reduce the periodic nourishment requirements.

Groin Design. A general plan for beach replenishment stabilized by a

series of groins is shown on Figure 5-2, The first groin is spaced at a
700-foot distance from station 0+00, and the rest at 600-foot intervals
from station 7400 to station 36+00. The potential longshore energy flux,
and thus the sediment transport, is generally low and reverses direction
at about station 40+00, so there should be 1ittle adverse impact to the
downdrift beach past this point.

The landward ends of the groins are tied to the existing rock revet-
ment, and the groin length is determined by the shape of the fillet oriented
paralle]l to the prevailing wave fronts as determined by the numerical model
and assuming a minimum beach crest width of 50 feet on the updrift side of
the fillet. Consideration was also given to limiting the seaward extent
of the groin to an approximate 10-foot depth. The groins are designed to
allow very little sand bypassing around the ends or over the top. The
groin lengths are divided into three sections: Section 1 extends horizon-
tally at the beach crest elevation (+10 feet) for the maximum crest width;
Section 2 sTopes 1 on 10 along the beach slope to the mllw line; and
Section 3 extends seaward with a crest elevation at about mllw a sufficient
distance to prevent sand bypassing around the end, assuming a 1 on 10 beach
slope below mllw to intersect the existing bottom.
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Groins could be constructed by using either standard rock rubblemound
techniques or, as an alternative, the less expensive and probably less
durable sand-cement filled bags. Typical cross-section profiles for
both the rock groin and the sand-cement bag groin are shown on Figure 5-2.
The required rock groin stone weight calculations are shown on Table 5-2.
Care must be exercised to insure that the foundation of any structure
placed on the shoreline is adequate to protect against failure due to
scour and undermining of the toe by wave action. This is of particular
concern in an area such as Bayfront Beach, where the shoreline is composed
of readily eraﬂib]e, unconsolidated marine and alluvial deposits. Both
the rock groin and the sand-cement bag groin should be placed on a
bedding layer of quarry run stone, a minimum of 18 inches thick and
extending 5 feet out from the groin toe. '

Beach Replenishment with Detached Breakwaters

Description. A detached breakwater is a structure constructed offshore,
parallel to the shoreline, which reduces wave energy and the direction
of wave propagation in its lee. They can be very effective for control-
1ing the longshore transport of sand by reducing or eliminating the
wave energy reaching the shore., Their effectiveness for erosion control
js directly proportional to their wave attenuation. Littoral drift
deposits in the lee of the breakwater, and if the wave energy is suffi-
ciently reduced, the sand deposits can form natural groins, called

tombolos, which stretch from the shoreline to the structure and comp]gte]y :

block Tongshore transport. The breakwater need not act as a complete
littoral barrier, however; a low elevation overtopping detached break-
water may be economical and still reduce longshore transport. Adequate
protection can usually be achieved if the structure causes the waves

to break, but still transmits some of the wave energy. A series of
short breakwaters can have the same general effect as a larger structure
or a series of groins, although their efficiency as a sand trap may be
reduced. '

96



Table 5-2. Rock Groin Design Calculations

B Breaker |
N Travel 2
t
H .
O Design swl
1 7 1 ml lw
Groin=» 1 d dp
Pasccoa! "1_5 Iy [ L Existing Bottom
- PIRRD77 —=T TITRNV77
m= 0.04
Design Breaker Height (H,) . :
1
Max Hb
- Sta 0+00- Sta 25+00 Min Distance
T Ho de 25+00 ~40+00 Depth Offshore Travel
SPM Fig. 7-4: 12 s - 12.7 12.7! 12.7! Loo! 4e!
16 s - 11! 13.2! 13.2! 13! 400! 48
Numerical Model: 12 s 22.5' 11! 7.1 - 8 250" 26
(10-yr storm) - 4.1 &' 120° 15°

Hp predicted by SPM Fig., 7-4 would break seaward of the structure.

Sta 0+00 to 25400, and Hy, = &' from Sta 25+00 to 40+00.

Armor Stone Weight (W)’

where w,

Sr,
KD,

Use;

,.
Hy = 8!
Hp =.6'

W= erh3
Kpisp - 1)3cots

unit weight of stone = 165 1bs/ft?

specific gravity of stone = 2.58

stability coefficient = 3.5 for angular stone
side slope = 1:1.5

Groin Section 162 (Trunk} Groin Section 3 (Head)

1-2 ton stone min 2 ton stone

0.5-1 tone stone min 1 ton stone

87
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Design. A restored beach stabilized by a series of detached break-
waters is shown on Figure 5-3, Sand would be initially placed to
form a minimum 50-foot-wide crest at the +10-foot elevation. A
series of six detached breakwaters, each 400 feet long and separated
by a gap of 200 feet, would be constructed 150 feet offshore at the
six to eight-foot depth. The breakwaters would extend from station
2+00 to station 36+00. The crest elevation would be at the design
stillwater level (+3.3 feet), the crest width would be 12 feet, and

. side slopes would be 1 on 2. The breakwaters would be rock rubble-

mound construction, using minimum 2-ton armor stones over a core of
300 to 500-pound stone and a bedding layer of quarry run to 50 pound
stone. Design calculations are shown on Table 5-3.

Rock rubb]emound.is considered the only feasible construction
technique for the breakwaters. Sand-cement filled bag construction
would require 800 to 1,000 bags for each breakwater, most of which
would have to be filled underwater. Longard tubes would not have the
necessary crest elevation or width.

Perched Beach and Artificial Surf Shoal

Description. The perched beach concept involves retaining a protective
beach or shallow offshore area by means of terracing using submerged
breakwaters or beach retaining sills. Wave energy is dissipated while
propagating over the shallow region by breaking and through bottom
friction and, thus, sediment transport along the shoreline is reduced.
As with other protective beach systems, an abundant supply of sand
in the active wave zone is necessary for beach sills to function
properly. For Hilo, it will be necessary to artificially fill the
terraces initially, and probably to nourish the beach periodically.
Several terraces can be used to maintain a wide dry beach at the
desired elevation.

The concept of constructing a man-made shoal area, such as a
perched beach, to provide shore protection and to provide recreational
opportunity by creating or enhancing surfing waves is also possible.
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Table 5-3, Detached Breakwater Design Calculations

e b —)

Design swi
]
L

YN /AR

Design Breaker Height (Hp)

Same as shown on Table 5-1: Sta. 0+00 to 25+00 - 8"
Sta. 25400 to L0+00 - 6!

Armor Stone Weight (W)

Same as shown on Table 5-1 plus 25% for overtopping safety factor.

Sta. 0+00 to 25400 - 2-3 ton stone
Sta. 25+00 to 40400 - 1-1.5 ton stone

Wave Transmission (permeable rubblemound breakwater)

Hi = 8', T =12 sec, b=12', h =11.3", d, = 11,3
b/h = 12'/11.3" = 1.06; h/d, = 11.3/11.3' = 1.0
Hi/gT2 = 8/(32.2)(12)2 = 0.0017; d /gT2 = 0.0024
From SPM Figure 7-40: H./H; = 0.4

Thus, the breakwater reduces the wave height at the ghoreline by 60%, from
8' to about 3.2'. The resultant energy reduction is about 85%.
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A report prepared by Moffatt & Nichol, Engineers (1981) for the Los
Angeles District of the Corps of Engineers discusses the general feasi-
bility of constructing an artificial surf shoal or modifying coastal
structures to create or enhance recreational surfing.

A perched beach and surf shoal using Longard tubes to construct the
sills is shown on Figure 5-4 and described in detail in the following

paragraph.

Design. The perched beach would be constructed using double 40" Longard
tubes parallel to shore to form a terraced beach slope. One double tube
si11 would be placed 100 feet offshore at the approximate 6-foot depth

and then backfilled with sand, and the second double tube sill would be
on top of the fill 50 feet from shore at the approximate mllw line and

backfilled. A double 40" tube would also be run perpendicular to shore
at 600-foot intervals to compartmentalize the perched beach and act as a
groin to retard any longshore sand transport. Protection against scour

" and undermining of the tubes would be provided by placing them on woven

plastic filter cloth secured by 10" sandfilled "sacrificial" tubes. The

. perched beach would extend from station 5+00 to 35+00.

The surf shoal would be constructed between stations 0+00 and 5+00.
Longard tubes would be used to create a terraced, parabolic-shaped shoal
extending approximately 220 feet seaward of the existing shoreline, as
shown on Figure 5-4, This location has the greatest exposure to approach-

: ing waves without being immediately adjacent to the Wailuku River mouth
“and the potential for river debris damage to the Longard tubes. A small
" change in water depth produces a large change in wave height near the

: breaker zone, and’ the shoal, with contours at an angle to the incident
wave approach, would produce a rapid variation in wave height along the

wave crest line. The shoal would refract the incident waves and cause
them to peak up and thus help to initiate breaking. A wave does not

' break instantaneously, but rather over some distance related primarily

to the bottom slope. Galvin (1968) estimates that the breaker travel

_distance upon encountering an abrupt depth transition is about five times
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the breaker height. Wave theories, however, are not very precise near
the breaker zone. Refraction analysis by linear wave theory gives only
an indication of the general wave convergence or divergence and is not
valid in the breaker zone and over complex bathymetry such as the surf
shoal. A hydraulic model study is necessary to refine the surf shoal
design to provide reasonable breaking wave patterns for surfing.

Rock Revetment

Descrigtion._'ghould a protective beach not be desired along the
entire length of the bayfront beach, a rock revetment could be used
to provide protection against damage and overtopping of the bayfront
highway. Properly designed rock revetments are dufab1e, flexible,
and’ highly resistant to wave ‘damage. ‘

pesign. The most common method of revetment construction, and generally
the most satisfactory, js to place armor stone sized according to the
design breaking wave height over an underiayer and bedding layer
designed to distribute the weight of the armor stone and to prevent

the loss of shoreline material through voids in the armor stone.
Generally, the slope of the revetment should not be steeper than 1V

on 1.5H. Toe scour prdtection can be provided by constructing the
foundation as much as practicable below the maximum depth of antici-
pated scour (a general rule is one design wave height below the sea
bottom fronting the structure) and extending the toe seaward to provide
excess stone to fill the possible scour trough and to provide wave
protection to the toe to prevent scour. Rock revetment design calcula-
tions are shown on TabTe 5-4, and a typical rock revetmenf section is
shown on Figure 5-5.

Evaluation of Improvement Alternatives

A summary comparison and evaluation of the shoreline improvement
alternatives is presented on Table 5-5. Detailed cost estimate break-
downs are provided in Appendix A.
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Table 5-4. Rock Revetment Design Calculations

| L ]

1.5 l

‘. Design sw)
i
d

Design Breaker Height (Hp)

Use methodology contained in the SPM (Fig. 7-4). Maximum breaker helghts
calculated by the numerical model break well seaward of the shoreline position

of the revetment,

H, from SPM Fig. 7-4: - T dg Hy

Armor Stone Weight (W)
erb3 (165) (4.6)3
KD(sr -1)3 cote  3.5(2.58 - 1}3(1.5)

= 775 1bs

W=

Use 2 layers, 800- to 1,200-1b stone.

Armor Layer Thickness (t)

y /3 _
t=nK(-w—) » where n = 2 layers and K = 1,15

r

1/3
= 2(1.15){( 1—1%05—0 ) = 4,2 feet

Underlayer Stone Size

W/10 = spalls to 100 Ib
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Table 5-4. (continued)

Crest Elevation

Runup calculation based on methodology in Stoa (1978 & 1979).
Assume H = H'o = dslH'0 = 3.3'/4.6' = 0.7,
Wave length, L = T/gd; for 16-sec wave in 10 depth L = 287',

For 2 = 150'; 2/L = 0.52.
Interpolating between Fig. 8 & 9 (Stoa, 1978) for cotd = 1.5 and

H'ﬂ/gT2 = 0.0006; R/HL, = 4.9 on smooth slope. From Stoa (1979),

Appendix A, r = 0.6. .

Runup, R (rough slope) = (K)(r)ﬂib)(R/H:})ss = (1)(0.6) (4.6)(4.8) = 13.2°,

Non-overtopping crest elevation = R + SWL = 13.5' + 3.3' = 16.5",
Use minimum elevation 415 feet. with 3 stone crest width.
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Elevation in Feet

15

10

Spalls to 100-1b
Stone Underlayer

0
|

2 Layers, 800- to 1200-1b
Armor Stone

mllw

Figure 5-5.

Typical

Rock Revetment Section

106

Existing Bottom



«ksea Klaayyetad

S} uUD}IINIISUO) ~Aemybty Iyl
40} U01399104d UarnJd appaoad
PLNOA JUAIIADL 3304 PAIINILS
-ugd pue paubjsap A|sadoud ¥

-asoys ayy buoje

U0J334I0 PURS {RUOSRAS Y]
FIRpas Jayldn) Aew uDEIDAL A4
A64aua aavs paseasdu} pue *suoil
-ypuod Guj3sixa woljy aup|aloys
ay} up abueyd JuedIpHjubys ON

“JIALY PO|LRN
ayy paen0} JJodsued) dsoysbuoy
Juedjwopald 2yl uj UOIINPIA OY

+Komybyy Juoapleq ayl 10j LOLIN
«01d a91dwod apiacsd pLhos Juaa
-13A24 %204 buyddoydanc-uou Y]

*auy |404S
quoa feq ayy Buope siybjay
aaem Gupljeadsd mo| Aj|elaudb
ay1 0] anp mo| £|qeqotd s
SIAPM 21QejInS 3pja0sd pLnom
3} 1eyy 2wl Jo abejuanaed ay)
~saaem Bupjans Gujanpoad Joj
uoyyednbijuod pue *a1ys ‘adeys
B8A1109)33 IS0W Iy} IunELIAIAp
0} J3p40 U} {3pow D}[NR4PAY ©
buysn pajpnis ¥q Jsnu jdazund
LROYs j4ns a3yy °padje|dsip jou
aup pup {us0] J0U0 pue yavjug}
punos £|1e4ARIINLYS ujewal

Kayy se Buo| S® 3A1303349
A1euopaouny aae Kayl -Guy
~1113 405 @3e]d up s} pues 3y}
23U0 paJINAISuLD 3Q ued SIS
YL YN YIm 3sed pur paads
ayy s} sagm paebuoy jo abey
-upape Adcwjad 3yp Ceup|3I0YS
ayy jo paeneds Abaaud ETY- 1
aywdyssip 03 Aem 3A1109}33 ue
s} 3daduod Yo paydaad ay)

"6y

pUR UOJYIILLP IARR JUAPLIUL
pue {aaat Ip}Y YIm A|q0
-13p}su0d Aiva pinos Guppans
0§ Saaes Y} JO Ayyenb

Y] "43aBm0y *BGugjans |RU0}]
-R34294 2IURYUD PLNOM |BOYS
JARS LRYIII1I4R L LS
aqny paebuot ayy AQ pasapuly
2q Aow JaeM 3y} OF SN
*papjaosd 3q pLnos 333} aenbs
000° 051 A1ajemixoudde jo
YIR3q |QUOJIRINIAL pURS Aap ¥

*UDLIRAILD
Moy Alaagiv|ad Jjaqgy 03

anp Jna30 Aew saqny ujoub agy
23A0 J40dsues) w05 *JIAIM0Y
*ya0dsueay asoysbuo) anpads
Ap1ea4b pynom augl3aloys Y3
30 JBujz}|vivanjdeduod, 244

*u0}339)
-04d JARM 1I0YS IPIA0Ld pur
ABaaua aaem 3}ed)ssip plnon
syjdap I.10ysdeau MO|LeyS

puR YIRaq IA4IR04d QNS ¥

*sanbpuyd) uoyINIISUOY
punow3 [qanJd 304 pARpueIs
fuisn 31ynq 2q PLNOM SJ3jen
-yeaiq @yl “PIAIIYIR SI U0}
-anpad A643ud PAAYSIP ] IRyl
24A5U} 0] 240US WOL) IIULY
-$§p pue ‘yIpIA pue uO1IVASLD
15242 *bupdeds 433emypalg
pasgnbaa ayy ssasse A|Ln 03
$121PRyRILG payaelap Aq pazy|
-4Ge1s 333f04d JudoysiLnoy
yaeaq © o uojIRIuALI|duy
tenjoe 03 a01ad pasinbaa e
saypnys ubysap Gurazauibua
paL|RIaP I0H "auU}1L0yS
pues @ 5up3dajosd pue bujzy
~}qels 40} POyl IA}IIB} 43
£13a ® 2q uvd St13)eayRauq
payaeyap poubysap Kydadoty

*papjacad 3q pLNOM 333} aaenbs
00000t Al3jewjxosdde jo
yoraq |PUOLIR3AIIL PURS Lapy

*qupadoys Ayl e
ABadud AABA JO UOLIINPIL ay)
£q paanpas Aljuedg)pub)s K
pLron dodsuedy pues aaoysbuo)

*340ys5j)0 ||3s bupieasq
Buyyeirul Aq AGIuU3 aae
Bugjed|ssip S [|3M S® YIEsq
aa1129)04d @ Guyujelas Ag dupg
-210ys 3y} 40j uojIdRIodd IaeM
mi1035 JU3[|3IXd apjacad prAcH

*y316ud| ujoub
ayl jo yInu buope Jajemiapun pue
aov[d-u} pal|l} 39 01 ARy pLnos

L3y se Ap1e|noyaed *3aosb
JUBCID-PUTS YT Yiix PALLH
Kdadoad ag ued sbeq ayy Jayjaym
uolysanb 2wos 5§ 343y} *IIABMOH
*sujodb N0 YIpw yIeq Y3

se aa|329349 Se 3aq pynos ueld
sty ‘pardnaysuod Llaadosd 1

*5upoa5 %204 YA SO sES

*supoab yJ04 HIPM S SRS

+suyo4b y304 £Qq

pazy|4qe1s yaeaq ayl JO ey) 01
AR JWLS coﬂauuaoun apiaoad pinon

*uoy1eAd|ad
1005-2+ YL AA0QE AL YIPAG,,

———— et e

*yoeaq eudty

-galJa4 pue 3a1173jodd a3y
-zjucuajuLeu A[IAIRLIL PUe
3A}109)39 ue apraoid pioos
veld syyy -sujosb ayy 4o}
pazyLiIn 3q pLnos sanbjuyday
u0y3ONIISUOD PUNOLS|GqRa %I04
pdepueys  *jLodsueay pues
asoysbuo] Ijeuiwy|d ALLesd
-uassa pue yIeaq aapjaaioud
243 az}11q93s pInow suyoab
JO asn 2y} pue ‘Jaquosqe
AGJaUd 9A13139)30 A23A © 3
pinod.ado|s yowaq |wanjeu Iyl

*J3AJY €O]1RN 3y} woA)
abaeyosyp Juauppas ybiy Jofpue
SUOLIJPUCD AR LUIOTS DJIAIS
Bupanp sujoub a4y ssed-Aq
pLnom pues jo junowe |(Pws ®
Klup °SIS3II AEn Jueujwopaad
ayl o3 (apleded vopieanbigjuod
21qRIS B 2AIJYIC 0F IR yaeaq
ayy Buppre Aq pues jo j.0d
—supa} 2Joysbuol ayl anpaa A1
~jue3apjpubys pnos sujoJb ayy

*A|qeuoseas Aaea pLnoa
uoLjeIuALL0 pue adeys yieag
*papraoad aq prnom 133y 2apnbs
+000°0p5 K1@3ewjxoddde jo ease
yIeaq |RUOIIRILIIL PURS Aap ¥

*Kemybiy

jJuoazheq Iy) 40) u0LI3IA
-pud JARM w0}S Ipjanad pue
£64au3 aAem ayedyssip pLnos
yaeaq aapladnosd 3|qeis v

A3}119e32n435U02
puR SS3UIA)IIAFIA
Guyadauybul

A9ALY ROLIPH
Y1 paemo) s0d
~sug4] 3Joysbuol
40 u01IINPIY

FUET)
~33uRyud YyIeaq
euopieaaday °q

Aeaybiy
Juoajkeq ayy 404
u0y333102d 3104S

sanIafqo
132fo0ad s332y

‘1

107

JURNIAIY AI0Y

LROYS 405 YIiA
yaesg paydsad

SAFIEMYRALE PIYIRIDA YIEN
Juauysiua|day pues

sbeg paglld Juswd)-pues

$uj04g %I0Y

SuL0JY YIIN Iuseysjualday pues

p}a3]1d] UojIEARA]

SjueAA0LL] FU{AIONS FAJINLAIILY SO UOS(IRduO] pUR UOIIRNLEAT *g-g I|qel

Sede.



000°000°¢$
000°86S
000%2¢"2

co0‘'oc  §

*3bewep aApm @UOIS WOy

4R JI0YSHIRG Ayl puP UOLS0LI
woly Jui|oys ¢ buypidoajosd 2oy
poyIaa 3243 ueunuira Laap
=~plad pur F|qranp *udrctd aul)
¥ 5} WU IARL Y504 PaIdNIIs
=u0d pue paubysap £|dadoad y

000'00E°ES

000°959
000°651°1
000' 582" 1
000'002 §

*ueld Jajemyeasy payoelep

Y] 40} IRYY 0) Jeljm)s A

03 pajemii3sa aJe sJudRInbAL
UIYS|INOU YIRAG  “DAYIDY
~jau) wayy Gupaspuas agny ayy
J0 Ino pues mouujm A|pjdes uerd
UOJIIR AARM ‘U0 JIUY  “|eOYS
J4NS 3t} uyRIVOD 03 pasn saqny
43 Supemdund Jo Bugseay 4oy
334005 ¥ 39 PLNOd supy pawvng
~34dng  °s)JqQap Buyjroyy pue
wSj|Fpura Aq abvwap 03 alqe
~JFULRA L2134 Fav saqn) pawbuoy

000°058"6$
000° 9951
000'y82'c
000°00Y" ¥
000'00Z 3

*3INJIR IARM WLIOYS ILIADS
Buyinp pagio} s3udsand dya
fuoJ}s 03 Inp SJalemyedsq Iyl
U3aM]2q pIeMRds paaow Gujaq
pues 03 anp sueld uioub ayy
40 ueyl J3u6gy 3q Lew sjuow
-3apnbas JuaaysyLnou ydeag
*Buj3se|-Euoy pue apqesnp ate
SJALUAARAIG PUNOWI[ QNI %I0J
payoeiap paubjsap Apsadosy

*Aipuenb |13 dav|dsuy padssap ayy adimy §) A1pjuenb Sugbpa.g,

000°0KL'6

000" bRL’T
000'961'1
000°009°S
000002 - §

*ueld upoab X304 ayy LOj Se

Jwes Y3 Iq pLhoM SIURLALNbaI
JURYSANOU YIraq Yy *frUL)]
~3un) uiemdd SULO46 By} papyaoad
“SIATM WI03S Aq Juawddvidsip
319)550d 0} 1dafqns aq pue yae.rd
ALypead (1yn sbeq ay3 *{buy
=f14) Buganp Juaw3ad 30 ssof 40
Xjw udaaun) papLys KLaadosde

31 °9lqednp ALqeuosSead Iq [Lm
sujodb ayl *Inoab ayy jo Gurua
=piey 03 40p4d padzeydsip 00 i
pue *pajt; L4adodg  aunyxju
0045 3232400 3} YN PaL LS
Kluaaa aq ued sbeq ay) yojym 03
aabap ayy o3 pajye|ad AL3da4aip
$} sSujoab 6eq paLs Juswdd
-pues ay3 jo £3(jqeanp ay

oco'orz’ss

000°5E8T
000°145° 1
000°009'S
000°002 $

‘SjueUAULEW |RuiwOu L|u0
24ynbaa prnoys pue *Bupysel
-6uo| pue ajqeanp aue sujoab
3304 3y) “sosodand Guyuue|d
40} F|qRUOSRAL pasapLsuod Sp
sdeak gf AJaAz |1}) yIvaq (ou}
=6y40 3yl jo uadsad pi jnoge
JO a3ea Jusmysiangu appotaad
R pue *J3aaMoy *pa3radud aq
UR> PURS 4O 550| 2WOS *YIeaq
3y ysyanou Afjeajpojaad

0} paau Ay} dnpad snyl

pue *Sujssed-4Aq pues Izjwjupw
03 paubijsap ade suyolb ay)

1503 w101

{x523) Avabujiue)
S3INYINAYG
sl11d puesg

qouwa PR qoy
{v xjpuaddy
aas) 3503

sjuawaanbaa
ERITLTESUTY ]

‘Al

‘11

WA 10y

LROYS 34nS WILN
Yaedg paquidg

SIMNRIIG PIYITIAN YI4N
IS jua|day pues

sbeg pajlsd Wawa)-pues

sujolg 30y

SUJ0JY YA JuAeysuI|dayY pues

R1J3314) UOJIOR|RA]

{panusiuo3)

*§-5 el

108



SFCINES TR S

()

[ A . -
B e T AR TR b

A reasonable plan of improvement would be to combine elements of
several of the alternatives previously discussed in order to meet the
project objectives while keéping the overall costs down. The Longard
tube surf shoal at the west end of the beach would enhance recreational
surfing and at the same time dissipate wave energy to reduce overtopping
of the existing revetment. A protective beach constructed between
stations 5+00 and 25+00 would protectﬁthe highway against storm wave
damage and provide approximately 250,000 square feet of dry recreational
beach area (beach area above the +2-foot elevation). The groins would be
spaced at 500-foot intervals to optimize the number of groins required to
stabilize the desired 20,000-foot reach, which would permit them to be
slightly shorter while still maintaining their ability to stabilize the
beach fill. The balance of the shoreline between stations 25+00 and
37400, where the existing beach begins, could be protected by improving
the existing sloping rock revetment. _ ‘

A]thoqgh there is very littie longshore transport east of about
station 40+00 during prevailing wind and wave conditions, there are
occasional severe storms with high waves from the north coupled with high
rainfall and a resultant high discharge from the Wailuku River, and during

these periods sediment can be transported eastward to the Wailoa River.
It is also recommended that a 200-foot lTong groin be constructed adjacent
to the Wailoa River to block any littoral drift from reaching the naviga-
tion channe1. This would reduce possible shoaling of the Wailoa River
mouth and its adverse impact on the fishing boats which moor upriver and
must daily navigate the river entrance. This groin would also act as a
trap to collect any beach sand which does move eastward, and this sand
can periodically be removed and used for maintenance of the beach at the
updrift end of the shoreline.

The combination plan is shown on Figure 5-6, and the costs are given
in Table 5-6.
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Table 5-6.

Surf Shoal-Beach-Revetment Plan Costs

Feature
Mob and Demob

Surf Shoal

Sand Fill —
Longard Tubes

Protective Beach with Rock Groins

Sand Fill
Groins

Rock Revetment
Jetty Groin .

Contingency +25%

110

Unit Quantity Unit Cost
LS .
cY 5,400 $ 10.70
Ft 1,200 150.00
cY 250,000 10.70
. Ft 1,100 1,340.00
Ft 1,200 725.00
Ft 200 875.00
TOTAL COST

Total Cost

$ 150,000

58,000
180,000

2,675,000
1,474,000

870,000
175,000
1,396,000
$6,978,000
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MODIFICATIONS TO HILO BREAKWATER

Proposed Modifications

Modifications to the height of the existing Hilo breakwater have
been’ proposed to aid in improving circulation and flushing on Blonde
Reef and in the harbor area. Pr0posea modifications include removing
armor and crest stone on the seaward 7,000 feet of the breakwater to
reduce the crest elevation to approximately +3 feet, and to use this
stone to construct a 2,000-foot long stub breakwater running east-west
from the tip of the remaining unmodified existing breakwater. It is
assumed for the numerical model analysis that wave action on the modified
breakwater will further reduce the crest elevation to about mean sea
level, resulting in a structure approximating a sti1l water level
elevation impermeable overtopping breakwater, as discussed in the SPM.

Numerical Model Analysis

Description. The effect of the proposed breakwater modifications on

the wave energy input to Hilo Harbor was analyzed using the numerical
model. The effect of the modified breakwater was simulated by assuming that
a percentage of the incident wave energy was transmitted over the break-
" water and continued to propagate toward shore. A transmitted wave

height (Ht) versus incident wave height (Hi) ratio of Ht/Hi = 0.28 was
used, estimated from information on SPM Figure 7-38. No refraction
effects of the breakwater itself as the wave passed over were considered,
nor was the wave period altered. The wave orthogonals were simply
propagated shoreward over the breakwater with a 72 percent reduction in
height occurring at the breakwater Jocation. This is an over simplifi-
cation, as the modified breakwater will certainly have some refraction
effect on the wave, and more importantly, wave breaking initiated by the
breakwater and subsequent reforming will likely change the wave period.
The mode} does, however, reflect the energy increase along the shoreline
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as a result of modifying the breakwater. The energy coming over the
modified breakwater must be added to the energy which already enters
the harbor under the existing conditions to determine the total net
energy flux along the shoreline,

The impact of breakwater modifications on the energy entering
Reeds Bay and the commericial port area was assessed by analyzing
diffraction and refraction around the proposed 2,000- foot Tong non-
overtopping stub breakwater.

Results. Refraction and diffraction patterns for waves propagating over

the reduced elevation existing breakwater and around the new stub break-
water are shown on Figures 6-1 through 6-7. Total net longshore energy
flux along the bayfront beach with and without the breakwater modifica-
tions is also shown on Figures 6-1 through 6-7. The total energy flux
with the breakwater modifications includes the energy entering the harbor
under existing conditions, as well as the additional energy coming over
the lower elevation breakwater. As is evident in the figufés, wave
refraction over Blonde Reef is very complex, and the caustics which
appear to deve]op make accurate calculation of wave refraction and thus
net energy flux along the shoreline using numerical techniques somewhat
quest1onab1e However, as Griswald (1963) disucsses, ". . . a refrac-
tion diagram for a single wave period and direction represents an
infinitesimal amount of energy in the wave spectrum. When this
jnfinitesimal amount is infinitely increased, as represented by the
ciossing of adjacent rays, it is possible that only a finite amount of
energy results. Thus, it would not be inconsistent for waves to pass
through this region without breaking, as is often observed in nature.
The refraction coefficient should be representative of the wave energy
beyond a caustic if diffraction is insignificant.”

" Impacts of Breakwater Modifications

Bayfront Beach. Seasonal and annual total net longshore energy flux
with the proposed breakwater modifications are shown on Figure 6-8.

More east to west energy flux is evident, particularly during the summer
season, however, the genera] energy flux patterns along the shoreline
are not greatly changed by the proposed breakwater modifications. This
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is presumably because the mean sea level breakwater still acts as a
considerable barrier to wave energy approaching from easterly directions.
The major impact on the shoreline as a result of the proposed modifica~
tions appears to be to cause a net energy flux, and hence, longshore
transport, from east to west along the western half of the bayfront
shoreline (Sta. 0 to 20+00) during the summer months. This reverses
during the winter season and net transport is again west to east along
most of the shoreline, with a more pronounced direction reversal, or
nodal point, centered between about Sta. 15+00 to 20+00.
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Appendix A
, CONSTRUCTION COST ESTIMATES

I. Sand Replenishment with Rock Groins

Total Cost

Item Unit  Quantity Unit Cost
Mob and Demob LS | ¢ 150,000
Dredging and Beach F111-/ €Y 560,000 % 10.70  £,992,000
Groins (6 each)
Core and Bedding Material cY 4,700 64,35 302,000
Armor Stone cY 15,100 78.80 1,190,000
Contingency (+25%) 1,909,000
Total Cost = $9,543,000
11. ’Sand Replenishment with Sand-Cement Filled Bag éroins
Item Unit Quantity Unit Cost Total'Coﬁt
Mob and Demob LS _ ¢ 150,000
Dredging and Beach Fill¥ ¢y 550,000 $10.70 5,992,000
Groins (6 each) '
Bedding Material CY 4,000 64.35 257,000
4' x 20" x 12 Bags Ea 3,900 50.00 195,000
Sand Fill CY 8,600 10.00 86,000
Cement cY 2,900 200.00 580,000
Bag Filling Ea 3,900 10.00 39,000
Contingency (+25%) 1,825,000
Total Cost  $9,124,000

A/Dredging quantity is twice the desired in-place fil1 quantity.

A-1



Appendix A (continued)

1II. Sand Replenishment with Detached Breakwaters

Item  Unit -‘Quantity Unit Cost Total Cost
Mob and Demob LS $ 150,000
Dredging and Beach Fi11/ CY 440,000  § 10.70 4,708,000
Breakwater (6 each) : . B
Core and Bedding Stone cY 9,000 64.35 579,000
Armor Stone cY 28.000 78.80° 2,206,000
Temporary Construction:Access cY 5,000 70.00 350,000
Contingency (+25%) ) ' 1,998,000

Total Cost $9,991,000

IV. Perched Beach and Surf Shoal

Ttem Unit  Quantity Unit Cost  Total Cost
Mob and Demob LS $ 150,000
Dredging and Beach Fill |
Perched Beach F111l/ ¢y 115,000  $ 0.70 1,231,000
Surf Shoal Fil1l/ cY 4,600 10.70 49,000
‘Longard Tube Fill iBeach; - CY 8,500 10.70 91,000
Longard Tube Fill (Shoal cY 800 10.70 Q,000
Longard Tube Cost (Filled in-place double 40" tube with filter)
Beach Si11 and Groins T 6,500 . 150.00%5 975,000
Surf Shoal FT 1,200 150.00< 180,000
Contingency (*25%) ' 671,000

Total Cost $3,356,000

l/Dredging quantity is twice the desired in-place fill quantity.

g/Cost estimate obtained from Robert Small & Associates, Newport Beach, CA,
distributor for Longard coastal protection systems.

A-2
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Appendix A (continued)

V. Rock Revetment (cost for 3,500 feet of revetment)

Item

Mob and Demob
Underlayer Stone
Armor Stone =
Contingency (£25%)

R

Unit .Quantity Unit Cost Total Cost
LS $ 35,000
cY 6,700 $64.35 431,000
cY 22,500 78.80 1,773,000

560,000
Total Cost $2,799,000
A-3
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HILO BAYFRONT BEACH EROSION

Geology
(1) General. - The majority of geological data is based on general findings

‘gathered during the investigations for the construction of the breakwater expan-

sion on Blonde Reef, the Hilo Tsunami studies, and periodic dredging of the navi-

gation channel of Hilo Harbor.

(2) Regional Geology. - The island of Hawaii, the largest of the Hawaiian

Archipelago, covers an area of over 4,000 square miles. The island was formed
during the last 800,000 years by the gradual emergence and subsequent coalescence
of five volcanoes; Mauna Loa and Kilauea, which are st%11 active, Hualalai, which
last erupted in 1801, Mauna Kea, which has been inactive in recent geologic time,
and Kohala, which has been extinct for eons.

The volcanic mountains are generally oval and dome-shaped. Mauna Loa rises
from a base 15,000 feet below sea level to 13,680 feet above sea level. It is
the largest active volcano and is considered the biggest single mountain on earth.
These five mountains have been formed almost entirely by the accumulation of
thousands of thin flows of lava, each separate flow averaging less than ten feet
in thickness. The broad, smooth, dome'shapes have given rise to the name of
“shield" volcanoes. Nowhere are the lower slopes of the mountains steeper than
twelve degrees with the average slope around six degrees. Gentle, flat slopes
extend outward beneath the water to the sea floor.

The city of Hilo and the breakwater are located where the lower slopes of
Mauné Loa and Mauna Kea merge. The surface of the ground in South Hilo, Naiakea:

District, has a gentle, flat slope northward toward the ocean of one foot' in

200 feet, or less than one degree.



Hilo Bay is a broad indentation in the northeastern coastline of the island,
created by the Hamakua volcanic series of Mauna Kea and the Ka'u volcanic series
of Mauna Loa. Recent scoriaceous, black,lava flows from Mauna Loa have formed
the entire central and southern half of the Bay. Older flows from Mauna Kea have
made vertical, high, wave-cut cliffs along the north side of the Bay. The existing
breakwater structure is built on a cora]-iimestone reef over lava. Marine sedi-
Iments consisting of fine- and medium-grained sand and silt from volcanic sources
interspersed with_fragments of coral limestone, cover the narrow beach and form
the ocean floor in shallow water.

The area north of Najluku River consists of Mauna Kea's Hamakua volcanic series.
This series is a permeable basalt, enveloped by an overlying Pahala ash layer (up
to 25 feet thick) and its derivative soil, resulting in a surface far less perme-
able than normal for exposed basalts. As a result, surface runoff from this area
is Substantial and flow in the Wailuku River, which originates on the ash-covered
surface, averages several hundred million.galions per day. Slopes on the Mauna
Kea surface are moderately steep and are incised by numerous small streams.

lEast of Wailuku River, the surface rocks consist of the Ka'u volcanic series
of Maupa Loa, an extremely permeable basalt)that is too recent in origin to have
had formed a deep soil and saprolite top layer. Patches of Pahala ash lie on
some older Mauna Loa lavas near the Wailuku River but are insignificant in con-
trast to the wide extent of bare Ka'u lava over the remainder of the study area.

(3) Site Geology. - The small beach in Hilo Bay averages 35 feet in width

is about 2,000 feet long, and is bordered by highway fill at its eastern and
western ends. The beach surface is composed almost entirely of volcanic rock
fragments of voicanic rock fragments of sand size, with very few calcarious
constituents. The sand exhibits moderately good sorting at about a medium-grain
size. Because of the protection from the breakwater, the beach undergoes mild

changes throughout the year.



A highway fill occupies the backshore. The present beach represents only 2
small portion of what was, in the last century, a much wider beach. A railroad
embankment constructed about 1901 covered most of the beach. After the 1946
Tsunami, wider highway fills along the railroad right-of-way further decreased
the width of the beach. The offshore.area js lava basalt with a thin veneer of

mud and silt.
Seismicity

Hawaii has the highest density of earthquakes (occurrence rate of magnitude
two and greater earthquakes per unit area) in the United States. During the past
18 years, about 48,000 egrthquakes in Hawaii have been located and their magnitude
determined. Of these, more than 3,000 events were of magnitude 3.0 to 7.2; magni-
tude 3.0 is generally the threshold of felt earthquakes.

The strongest earthquakes in historic time in the jslands occurred on April 2,
1868 and was centered along the south coast of the island of Hawaii. The earth-
quake had a Richter magnitude of about 7.5 causing a Tsunami and earth movement
which did serious damage across the entire isiand, even stopping clocks as far
away as Honolulu. ~Practically all earthquakes on the island of Hawaii and Maui
are associated with intermittent volcanic activity. However, potentia1 earth-
quakes- in the islands can also be caused by deep-seated tectonic forces and not
from the indirect action of volcanic activity. A Richter magnitude 7 earthquake
on January 23, 1938 had an epicenter 25 miles north of Pauwela Point on the north.
shore of Haleakala, Maui. Recent explorations of geophysical methods show that
faults and rift zones cut through the major jslands and that these faults are
branches of a gigantic fracture system known as the Molokai Fracture Zone.

The only major earthquake since 1938 occurred in April 26, 1973. The,tremor
registered 6.2 on the Richter scale and was centered offshore about twelve miles

northeast of Hilo, Hawaii and about 35 miles deep.



The Army Technical Manual 5-809-10 (Feb 1982) assigns a zone four (4) seismic
risk rating for the southern half of the island of Hawaii for design considerations.

The magnitude of Hawaiian earthquakes was not routinely determined locally
until 1958. Prior to that, magnitudes of large earthquakes were measured by seis-
mograph stations on continental United States, usually by those at the California

Institute of Technology, Univeristy of California at Berkeley, and Columbia

University.

‘Subsurface Investigations

- No recent subsurface exploration of the Hilo Bayfront beach area has been
performed by the Corps of Engineers. Two past explorations supply the basis of
present subsurface inforﬁation: * (1) Nine wash borings: performed by the Corps of
tngineers in 1950 for a sea wall along the bayfront; and (2) Hilo Sand Survey by

Ocean Innovators in 1979, probing_the floor of Hilo Bay for black sand deposits.

_Figures 1 and 2 show the extent and findings of the two investigations. In

general, the beach and offshore area are composed of fine to coarse black sands
and silts, the deposits of sediment from the flow of Wailuku River and from
currents'a1ong the northwestern portion of Hilo Bay. The sand is largely of
basalt origin. Wash borings performed in 1950 show the sand thickness varies
from 2 to 40 feet. Larger percentages of silt, lava basalt, and debris cover
the sand offshore. See Figure 3 for comparison of existing beach sand gradation
with sampled offshore sand deposits.

Besign and Construction Considerations

(1) Sand-Replenishment. - The existing beach materials will adequately support

the design plan of a 50-foot level berm, shaped 1 vertical to 10 horizontal to

the existing grade.

(2) Groin Structure. - Undermining of the groin structure will be a design

consideration. As all the foundation area is covered with sand which is subject



SONIHO8 HSVM

=14 3HNDII

w16 fop YYON
IIUNDS J¥A

ocel "1d3S  AmMY SN
SHIIRIONI 30 SdHOD
AB SONIHOQ &

. \l . . Jnl\.ﬂ
s Mvv. r .'.:.li.
/ ) ..-.ll -
¥ ﬁ.n.- .

)
=&
-]
3
*

5
P

RS

o

OF

*

.O.Coouz-.-o j

FIGURE 1



SAND D&le

3o BouniaY

. r
whupeny i™

ERANPLE;

o
a
F N

“'| miLo BaY - BOTTOM SAMPLING AND  °

JET PROBING

a o
e —
FIg.vi-9 - ALEALEA PT, SAND DEPOSITE

LLGERD

JIT PRONE STATION
JET PADNE AND SARPLEAG STATION

4
SHOVING SAND =

CATLR DEPTR (P (ML)

O 4 e gTATION KUKIIR

pEvioys JET PARRLD AND SANPLING STATION
OCLAN IWNOVATORS 97V

FOTION TYPLT N - mUD

IT+M
e {NDICATES WO REFOSAL 1 = gaND
panaLeC SIPTR L = BOCK
gcalt: 1~ - d00° APFIOL, .
FIGURE 2




1802 “huos ' ON3

TN SYOIVAONN | NV X e . S3AUND  NOILLVAVHD
R OgGT WV OTURY oY 3P
oY
\@uﬁa&@% 957 ]
.Nmm" HTZIA ATWRRG m@% . 14 4 DR WEYIR) wdag 0 A3 N dues
D 80 1S ET] _oEa!Ei [ =eex T Ahﬁa o ST19800
SYILINITIN NI 3DS NVED
1000 S000 100 S00 g N 50 1 S 119 05 ool 005
o1 A \\\ P L K \ 4]
L~ A \
| TS TN \
/\\ o \\\\\# N
H\\\ \b oz
/\\\\\\\
Jlh—1

ol c\\\\— DE
i s
2 \ 2
m % a y .\HW~ Mw ) - 2
(AN Hl/ MO \ & :
M NOLL ShuizZk N — ,.\\0 / =N Mg i TRYED [T z
e R T VBN (T | MOWEEX NI " g

N )
o€ f.ﬂ \\\\). // ol
_ PRI
o /\\\\\\Vv/ / 08
o A\ \H\\VI\ //
S~ 1PN N
Y o LA TS
0 1 L N AT A | 1 . ! 1
02 0N O001 OL 05 Oy 0k o0 sivl Olk 9 ¥ € - § ¢+t p ¢ e 9
WALINOHAH SYIGNNN IS QHVONVIS SN SN I DNDNIO JAIIS GEYONVIS S0 L

FIGURE 3



to erosion and scour beneath the structure with the currents and tides, adequate
toe protection will be required to anchor the structure into position.

(3) Other - If sand mining/dredging in Hilo Harbor is utilized to supply
black sand for beach replenishment, measures to control turbidity may be neces-
sary. Gradation curves of the proposed replenishment sand show silt contents
of up to 30% (see Figure 3). '

Sources of Materials

(1) Armor Stone. - Two commercial quarries operate in the Hilo area; Glovers
quarry and the Y and S quarry. Both are located in the industrial Waiakea District
about one mile south of the Terminal Building at the General Lyman Airfield, or
1 mile from the project éite. The two quarries work the same deposit which was
described in detail in Design Memorandum No. 23 Construction of Tsunami Protection
and Navigation Improvement Project, Hilo, Hawaii. The rock is a prehistoric
member of the Ka'u volcanic series in the Mauna Loa groups of igneous rocks.
Neither quarry operates to produce armor stone sizes, and special arrangements
have to be made in advance. $mall amounts of large stones are stockpiled in both
quarries from time to time.

(2) Beach Sand

_ {a) Ocean Innovators report deposits of black sand within Hilo Harbor
at the mouth of the Wailuku River and offshore A1e;1ea Point. The quantity of
sand has been estimated as sufficient. Color and gradation of offshore sand is
similar to existing beach sand, but washing and screening of sands recovered from
offshore areas to remove silt and cobbles may be required before use as beach
replenishment. Special permits must be acquired through the State of Hawaii

before offshore mining may be accomplished.
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RESOURCES AND ECONOMY

Hawaii is a prosperous state with a growing economy. The gross State product
5n 1980 amounted to $11.5 billion, or 6.5 times the 1960 total. The three
largest contributors to the State economy are tourism ($2.9 billion), defense
expenditures ($1.3 billion), sugar production ($594 million), and pineapple
production ($226 million). The most rapid growth in the past decade has been
in the tourist industry. Visitor expenditures have increased over 400 percent
in the ten years from 1970 to 1980. Visitor spending in 1980 resulted in tax
revenues of $323 million and generated 117,000 jobs.

The Island of Hawaii (Hawaii County) is located at the southeastern end of the

" Hawaiian archipelago. It is the largest of the State's major islands

containing nearly two thirds of the State's total land area. Nine percent of
the State population resided in the County in 1980. Hawaii County experienced
a population increase of 50 percent from 1960 to 1980, nearly equaling the
State's overall increase of 52 percent for the same period.

Population on the island is concentrated in two areas--Hilo on the east side
and Kailua-Kona on the west. Hilo serves as the center of the County
government and the hub of major commercial, industrial, and distribution
activities. The resident population of Hilo increased 34 percent in the
20-year period of 1960-1980. Forty-six percent of the population in Hawaii
County reside in Hilo.

The basic elements of the economy of Hawaii County are tourism, agriculture
and fishing, manufacturing, and scientific research, with tourism being the
number one industry. Visitor expenditures for Hawaii County grew from

$53.4 million in 1970 to $164.5 million in 1980. Hilo is not a major
destination area for tourists. The town, however, has one of the County's two
major airports and, thus, js a gateway to and from Hawaii for the visitor
jndustry. Hilo has a stronger orientation toward transportation,
communications and utilities, trades, services, and government as the urban,
commercial, and governmental center for the County. The following tables
summarize the demographic, general, social, and economic characteristics of

the County.



TABLE 1
RESIDENT POPULATION OF HAWAII COUNTY AND DISTRICTS:
1960 70 1980

[S6l 19/0 1980
The State 632,772 769,913 964,691
Hawaii 61,332 63,468 92,053
Puna 5,030 5,154 11,751
South Hilo 31,553 33,915 42,278
North Hilo 2,493 1,881 1,679
Hamakua 5,221 4,648 5,128
North Kohala 3,386 3,326 3,249
South Kohala 1,538 2,310 4,607
North Kona 4,451 4,832 13,748
South Kona 4,292 4,004 5,914
Ka'u 3,368 3,398 3,699
Median Years of School
Completedl/ 8.6 11.4 12.5

T7 25 years old and over.

Source: U.S. Bureau of the Census, U.S. Census of Po ulation: 1970,
PC(1)-A13, Table 10, and advance counts from the 1980 Census of

Population.
TABLE 2
INCOME, LABOR FORCE, AND EMPLOYMENT
HAWAIT COUNTY
1960 1970 1980
personal Income ($ Millions) 100 243 775
Per Capita Income ($) . 1,630 3,785 8,400
Civilian Labor Force 22,2701/ 28,300 35,450
Civilian Employment 21,5201/ 27,050 33,050
Unemployment (%) 3.4 4.4 6.7
Subcount by Industry
Total Job (Non-agriculture) 16,040 28,870 28,400
Construction 8201/ 1,500 1,650
Manufacturing 3,3001/ 2,960 2,750
Transportation, Communication,
and Utilities 9701/ 1,380 1,900
Trade 3,1001/ 5,000 7,000
Finance, Insurance and Real Estate 2501/ 900 1,100
Services 1,6401/ 3,730 7,450
Government 3,0501/ 4,370 6,550
Agriculture 2,9101/ 3,610 3,250

T/ Hawaii State Dept of Labor and Industrial Relations

Source: State of Hawaii Data Book 1982 and 1981; County of Hawaii Data Book
an , Department ot Researc and Development.




TRBLE 3
TOURISM HAWALI COUNTY

1960 1970 1380
Visitor Arrivals 72,300 445,401 761,103
yisitor Expenditures ($ Millions) 5.6 53.4 164.5
Hotel Room Inventory 558 3,092 7,469
Occupancy Rate NA 68.3 51.0

Source: County of Hawaii Data Book 1981, Department of Research and
Development. The State of Hawaii Data Book, 1982, Department of
Planning and Economic Development. County Trends in Hawaii,

1970-1982, July 1983, Department of PTanning 3nd Economic Development.

BENEF ITS

The proposed plan A for Bayfront Beach Park is to restore and protect the
existing beach and shoreline from erosion caused by waves and currents. The
restoration of the beach will have three major beneficial effects: (1) it
will minimize the existing storm-wave jmpacts on the Bayfront Highway by
eliminating the closing of the highway due to flooding and the collection of
debris on the pavement following wave action; (2) the project will signifi-
cantly enhance the much-demanded coastal recreational opportunities in the
local area; and (3) the proposed jetty, by trapping 1ittoral and offshore sand
movements, will provide a source for future periodic replenishment of sand for

the proposed beach.

Plan B recommends the construction of a 3,500-foot rock revetment on top of
the existing rock revetment. The plan will eliminate future shoreline erosion
and storm-wave impacts on the Bayfront Highway.

The following analysis evaluates the penefits of the proposed rock revetment
and beach restoration pians. Calculations are based on a discount rate of
g-1/8 percent and a 50-year project 1ife. The base year was assumed to be
1985 when the project would be completed and benefits begin accruing to
users. Benefits are pased on October 1983 price levels.

BAYFRONT HIGHWAY

The State Highway Division has expressed concern about the impact of storm
waves upon the Bayfront Highway. puring periods of stormy weather, waves
break ing against the highway embankment throw rocks and debris across the
highway. This has, in the past, severely endangered motorists and has
resulted in the ciosing of the highway. In addition to damages to the
highway, drainage culverts get blocked and, on occasion, Jower-1ying lands
inshore of the highway aré flooded. The Highway Division reports that cleanup
and repair costs to this section of the highway has averaged 422,000 a year at
current prices. They point out that these costs aré direct costs only and do
not include the indirect costs of public inconvenience, delays, traffic
hazards, and congestion which result when traffic is detoured through the city
streets. :



RECREATION

As population, income, and leisure time increase, a greater demand is being
put on the existing recreational facilities in Hawaii County. The County has
59 percent of the State's total recreational acreage. It enjoys the largest
total recreational acreage per thousand population in the State, but because
of the island's rugged coastline it has the least number of beach acres. The
County has a total supply of just over 16 acres of park-related beach. Of
this, only 0.84 acres are in Hilo, which had 46 percent of the island's
opulation in 1980. Obviously, this is a combination which has generated a
high demand for coastal recreation. An inventory of recreational resources in

Hawaii County is shown in Table 4.

TABLE 4
HAWAII COUNTY RECREATIONAL RESOURCES - 1980

park-Related

Beach ' Hunting Areas
Beach Acres/ Acres/
Area Acres 10001/ Acres 10001/
Ka'u 1.6 0.43 103,221 35,204
Kona 1.0 0.05 13,030 663
Kohala 9.1 1.16 3,712 4,037
Hamakua - N. Hilo - - 281,260 41,319
Hilo 0.8 0.02 130,227 3,080
Puna 3.8 0.32 48,650 4,140
TOTAL 16.2 0.2 608,100 7,179

T/ Acres per 1000 Hawaii County population.

Source: STATE RECREATION PLAN, Sep 80, Hawaii Department of Land and Natural
Resources.

The State and County recognize the need for coastal recreational facilities.
The Hawaii State Recreation Plan, dated September 1980, projects the participa-
t70n in Swimming and sunbatning activities on peak days in Hawaii County will
increase 50 percent in the next 16 years from just under 18,000 a day in 1980
to over 26,000 in 1995. The 1980 State Recreation Plan indicated that only
through careful planning, conservation and resource management can recreational
development meet the growing demand. The Plan indicates that in the Hilo
Planning Area emphasis should be placed on improvement and expansion of
existing parks to meet projected demand since shoreline recreational areas are

Timited.

The demand for swimming and sunbathing activities in the Hilo area is already
substantially higher than the existing developed park and beach related facili-
ties can handle. As a result, available shoreline areas suitable for multiple
recreational uses are in great demand. Recreational facilities are often
crowded in the Puna District, which is about one hour traveling distance from

Hilo.



The Hawaii 1975 State Comprehensive Outdoor Recreation Plan (SCORP) and the
more recent tate Recreation Plan, often referred to as the 1980 SCORP,
states that with over 46% of the island's population residing in the Hilo
District, recreational participation in the Hilo area largely influences
County patterns. According to the demand survey, 37% of the island's activity
occur within the Hilo area, while one-half of the total County activity
occasions is generated from it. (Activity occasions is defined as the number
of separate times people engage in recreational activity.) The recreational
participation rates, measured as activity occasions per 1,000 resident people
for Hawaii County for all activities, total 765 per peak weekend day and 532
for weekdays. Table 5 shows the distribution of activity participation in the

County.

TABLE 5
ACTIVITY PARTICIPATION RATES OF HAWAII COUNTY
IN ACTIVITY QCCASIONS/1,000 RESIDENTS v

ACTIVITY WEEKEND WEEKDAY
Walking/Jogging 117.00 123.00
Hiking 17.50 20.30
Camping 39.00 22,00
Group Camping ' ©2.60 3.30
Picnicking : 107.00 23.70
Hunting/Shooting 12.00 4.00
Archery 2.70 1.00
Golf 10.00 9.00
Swimming/Sunbathing 136.00 112.00
Diving 27.00 8.30
Surfing 13.00 7.10
Boating 25.50 8.30
Canoe Paddling 1.80 .78
Fishing 57.00 26.60
Game Playing 29.80 22.40
Tennis 9.70 19.00
Attending Outdoor Events 47.00 36.20
Bicycling 66.40 69.70
Motorcycling 10.30 1.40
Other Activities 33.30 13.90

TOTAL 764,60 531.98

TOTAL (Rounded) 765 532

1/ The SCORP sampTe is a multi-stage area probability sample selected propor-

~  tionate to the population. Sample consists of clusters of dwelling units
located in 20 planning areas throughout the State. The survey produced 819
interviews on Oahu yielding an 82% response rate and 254 interviews on the
neighbor islands for an 85% response rate.” The response rate for the State
as a whole was 83%, resulting in a total of 1,073 completed interviews.

Source: Hawaii State Comprehensive Qutdoor Recreation Plan, 1975, Hawaii
Department of Planning and Economic Development.



On the determination that 26% of total recreation activity in the Hilo area is
swimming/sunbathing (Table 6) and with a 1980 population of 92,053, the
computed peak resident activity occasions for swimming/sunbathing equals 6,774
(or, 92,053 x 765 + 1,000 x .37 x .26).

With an inventory of 1,648 hotel rooms in Hilo and an occupancy rate of 40%
(Hawaii Visitors Bureau Research Report, May 1983), visitor demand equals 296
occasions/peak day, assuming a 25% participation rate for swimming/sunbathing
and an estimated 1.8 occupants/room (1,648 x .40 x 1.8 x .25). For this
analysis, 296 visitor occasions is held constant,

Thus, in 1980, over 7,000 activity occasions for swimming/sunbathing were
generated on a peak day in the Hilo area (Table 7). Translating this demand
into beach area, the SCORP standards of 100 square feet per person and 2.5
people per day turnover rate are used.

The significant need for additional dry beach area in Hilo is shown in Table 7.
In 1980, for example, peak day demand for beach use totalled 7,070 occasions.
In beach area, this equals 282,000 square feet (7,070 + 2.5 x 100) or
approximately 6.5 acres.

TABLE 6
RANKING OF ACTIVITIES WITHIN THE
HILO DISTRICT

ACTIVITY % OF TOTAL ACTIVITY
Swimming/Sunbathing 26%
Walking/Jogging 20%
Outdoor Events 10%
Bicycling 10%
Picnicking 8%
Fishing 6%
Game Playing 3%
Tennis 3%
Golf 3%
Surfing 3%
Boating 2%
Hiking 1%
Diving 1%
Hunting/Shooting 1%
Camping 1%

Other S 3%

Source: Hawaii State Comprehensive Qutdoor Recreation Plan, 1975, Hawaii
Department of Planning and Economic Development
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Bayfront Black Sand Beach. Along the shoreline between the Wailuku and Wailoa
¥ivers, Bayfront Park encompasses 11.4 acres of improved recreational area and
about 0.84 acres of sandy beach. The park facilities include a sportsfield,
playground, picnic areas, pavilion, archery range, restrooms, concession
stand, and parking. The usable portion of the black sand beach extends along
the west end of the Bayfront shore from the Wailoa River to Pauahi Street.

The beach is used heavily by canoce clubs. At present, the beach is very
narrow and not well suited for sunbathing and swimming activities.

As part of the Bayfront Beach project, a jetty will be constructed at the west
end of the beach. Sand trapped by the jetty will be placed on the beach,
providing periodic renourishment for the proposed beach. The Wailoa River
currently has a shoaling problem in the entrance channel and requires perivdic
maintenance dredging. At present, the shoal is creating a hazardous condition
for the local commercial fishing fleet. The proposed jetty will prevent
increased shoaling rates at the entrance to the river caused by the beach

restoration project.

The proposed erosion control and beach restoration project will create a
stable shorefront by placing along the coastline an additional 252,000 square
feet or 5.8 acres of dry beach area. This is estimated to meet the demand for

dry sandy beach for swimming/sunbathing in the Hilo area in 1985.

The annual user estimates were adjusted for weather by a "had weather"” factor
of 72% derived from local climatological data. For example, in 1985, annual
user demand adjusted for inclement weather is 390,511 {or 1,394,682 x .28) as
shown in Table 7.

The annual recreational benefits to users of the beach erosion and restoration
project were determined using the Unit Day Value (UDV) method of analysis.

The method approximates the average willingness to pay of users of Federally-
assisted recreational resources. A UDV of $3.49 was calculated as the average
amount users would be willing to pay for swimming/sunbathing and related
activities at Bayfront Black Sand Beach over the project 1ife. The $3.49
amount was derived using a point rating system which contains five specific
criteria and associated measurement standards designed to reflect quality,
relative scarcity, ease of access, and esthetic features of the recreational
resource. Table 8 shows the guidelines for assigning points. Table 9
summarizes the point values assigned to the Bayfront Beach project, and

Table 10 is a conversion table for establishing unit day values based on total
points. A total of 53 points for general recreational activities falls
between unit day values of $3.40 and 33.70.

Table 11 shows the annual recreational benefits with and without condition to
projected users of the Bayfront Black Sand Beach erosion control and beach
restoration project based on $3.49 UDV. The base year was assumed to be 1985
when the project would be completed and benefits begin accruing to users.
Maximum annual users are limited by the 288,590 square feet or 6.6 acres of
total beach area. Net annual benefits is the difference between conditions
with and without project. A1l benefits would be received in 1985, being the
base year of the project. The total average annual benefits from increase in

recreation is $1,176,000.
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Criteria

a. Recreation
Experience

b. Availability
of Opportunity

€. Carrying
Capacity

d. Accessibility

e. Environmental
Quality

TOTAL POINTS

TABLE 9

. POINT RATINGS GENERAL RECREATION
BAYFRONT BLACK SAND BEACH PROJECT

Appropriate
Judgment
Factor

Several general
activities.
5-10 Points

One or two within

1 hr travel time;

none within 45 min
travel time.

7-10 Points

Optimum facilities
to conduct activity
at site potential.
9-11 Points

Good access,

high standard road
good access to site,
within site.

15-18 Points

Above average
esthetic quality;
any limiting factors
can be reasonably
rectifed.

7-10 Points

11

Comment

Swimming, sunbathing,

surf fishing, picnicking,

canoeing, surfing.

Only one beach (.84 acres}
within 1 hr travel time.

Sandy. beach, bathroom,
and drinking facilities,
also nearby is merchant

district of Hilo

Project next to main

highway artery, and Hilo

merchant district.

Landscaped sandy beach,
picnic areas; replacement
of eroded shoreline and

rock revetment.

Points
Assigned

10

10

10

16

|

53
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BENEFITS SUMMARY

The proposed plans to restore and protect the existing beach and shoreline
from erosion along Bayfront Beach will result in the following monetary
benefits (TABLE 12).

TABLE 12
SUMMARY OF ANNUAL BENEFITS
BAYFRONT BLACK SAND BEACH

Average Annual Benefits

Item Plan A Pian B
Highway Maint & Repair 22,000 $ 22,000
Recreational Benefits 1,175,900 -0~

TOTAL October 1983 Prices $1,197,900 $ 22,000

TOTAL October 1984 Prices* $1,265,900 $ 23,200

* October 1984 price levels estimated by extrapolating CPI trend graphically
(Oct 1983 x 1.0568 = Oct 1984).

14



